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PREFACE 

[n this work the authors have traversed the gradual emer- 
gence of the low temperature principle from early times and 
:he different methods employed in the carbonization of coal, 
Fhis has involved references to coke-oven practice as well as 
:o gas manufacture, examples of true carbonization, inasmuch 
is the coal is necessarily carbonized mainly to secure the 
products desired, namely, gas and coke. 

Low temperature proper, that is the subjection of coal to 
:hose temperatures at which the greatest yield of oil, of the 
lighest quality, can be obtained, is of quite recent develop- 
nent, although we find that, in 1865, Gesner employed low 
:emperature, that is between 371 and 426 degrees C. and 
)btained 68 gallons of oil from a cannel coal. 

The authors have endeavoured to bring home to the reader 
he possibilities that now exist of treating the coal of this 
country in a scientific manner, and that the adoption of the 
)rinciples underlying the processes referred to would provide 
he whole of our requirements in the way of oil and smokeless 
uel, and at the same time, the complete utilization of coal 
low being wasted above and below ground. 

The provision of these fuels is the most urgent problem of 
he day, and there is no technical reason why our coal resources 
hould not be so treated as to yield the products referred to 
n sufficient quantities and of high quality. There exists, 
lowever, in some quarters, a strong prejudice against the 
nitiation of new practice in coal treatment, a prejudice such 
,s was manifest when the by-product coke-oven was introduced 
nto this country and in America. Almost identical arguments 
^ere raised against the latter as are now advanced against 
Dw temperature practice, namely, that the solid residue ob- 
ained was of no higher quality than, and in some respects, 
aferior to that produced under the old methods. 

-Apart from the fact that these assertions are erroneous the 
[estructive criticism levelled against a movement which would 
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place Great Britain on a sound economic basis, by providing 
it with a cheap smokeless fuel, by making profitable the enor- 
mous amount of coal completely lost in mining and handling, 
and by producing ample supplies of high grade oil, is to be 
deplored and is technically unjustified. 

The authors contend that this is not a problem the solution 
of which should be determined by those who consider personal 
or vested interests before national welfare and prosperity. It 
is far too vital a matter to be side-tracked by mere prejudice 
and closer co-operation should exist -between those working 
with one aim and towards the same object. 

Those who depreciate the efforts made to bring to a successful 
issue the treatment of coal so that the criminal waste now 
occurring in the industry is completely abolished, and the 
conservation of the valuable products is achieved, are relegat- 
ing the country’s welfare to a position behind individual and 
vested interests. The industrial need of the moment is cheap 
fuel, and of almost equal importance is a home-produced oil 
supply. How essential is the latter is proved by the fact that 
in 1914 no less than 88*84 per cent of ships constructed were 
fired by coal ; ten years later this figure had declined to 68*87 
per cent, indicating a significant advance in the use of oil- 
burning in the Mercantile Marine. 

The same movement was shown in motor ships. In 1914 
the proportion of this description of vessel, on the tonnage 
constructed, stood at *45 per cent ; in 1923 the figure had risen 
to 2*56 per cent. Such figures are eloquent of a quiet, insistent 
revolution in power production. 

Both the nationa! requirements referred to can be attained 
if the policy and practice described in the following pages 
are adopted on a large scale. 

' The experimental period of low temperature treatment is 
past, and the experience gained has enabled our engineers and 
chemists to design methods and plants capable of being worked, 
not only with technical, but also with commercial success. 
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CHAPTER I 

INTRODUCTION 

Che abundance of the coal deposits of this country has induced 
L spirit of profligacy in the use of the mineral. Originally 
j-reat Britain was the richest coal country in the world, esti- 
nated on its area, both in regard to quantity and quahty ; but 
he years have taken a heavy toll of these resources, and the 
reiy fact of the vastness of these has encouraged a wastefulness in 
he methods of use, which is not only eminently unscientific, but 
grossly criminal, seeing that by so doing, incalculable quantities 
)f greatly needed products are being wantonly dissipated. 
Burning coal under boilers and in the open domestic grate in 
ts raw state can be, and should be, abolished. It is true that 
he last few years have witnessed a certain amount of progress 
n securing more rational treatment , of the mineral, but the 
)rogress is far too slow. Improved furnaces and grates have 
)een introduced, but this movement is merely side-tracking 
he main problem. The brutal fact stiU remains that millions 
»f tons of coal are consumed every year, involving the loss of 
.t least from 15 to 20 gallons of oil and associated valuable 
)y-products per ton of mineral, and without a fraction of 
)rofit being gained. 

Apart from the losses due to burning coal without pre- 
reatment, a very serious wastage occurs due to casting aside 
arge quantities of fines and small coal resulting from handling 
he coal at the pit’s mouth. This is, in the great majority of 
:ases, thrown on to the dump, although it represents, by 
)roper treatment, a source of considerable profit. In addition 
o this, a large amount of good material, although mined, is 
eft in the pit, equally valuable for treatment, and for which 
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the miner receives no payment, and the owner is wilfully 
depriving himself of an addition to present revenue. 

Coal Consumption in this Country. 

It is estimated that the consumption of coal in this country 
for steam-raising and domestic use amounts to a total of, 
approximately, 150 million tons, and taldng the minimum 
figure of 15 gallons of oil obtainable from this quantity gives 
us a total home supply of 2,250 million gallons of crude oil, 
or 9 million tons equal in value to natural crude oils. Calculat- 
ing this at the present price of crude oil in this country, it will 
be seen that an enormous amount of wealth is being allowed 
to pass into the atmosphere without any attempt at its con- 
servation. Large quantities of inferior coal are thrown on 
to waste dumps, while anthracite is used only on a restricted 
scale. AH of this in its entirety could be profitably absorbed 
for conversion into briquettes. 

The Position in Belgium. 

The position of things is quite different in Belgium where the 
output of coal amounts to about only 20 to 25 million tons a 
year, and whose people are therefore compelled to exercise 
economical methods or pay high prices for the imported 
mineral. From the inferior coal and slag produced, the Bel- 
gians manufacture no less than 3 million tons of fuel in the 
form of briquettes. This quantity represents 12 per cent of 
the total produced, while England, with a production of over 
250 million tons, manufactures only 2 million tons of briquettes, 
or less than i per cent of the total quantity produced. Even, 
therefore, compared with such a small country as Belgium, 
we are, from the scientific standpoint, infinitely less advanced 
in this matter of the proper utdization of coal. 

Briquetting. 

Coal briquetting is an essentially Belgian industry, initiated 
as far back as 1818, but it was not Until 1858 that its advantages 
were fully recognized and':,'4|velopments on a large scale 
occurred. After the openiE^ of the Ruhr coalfields the 
Germans were quick to recognize the advantages of coal 
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briquetting, and started production on a large scale, not only 
in ordinary coal, but also with brown coal or lignite. 

Many disappointments have been experienced in the course 
if the experimental worlc carried out in this country, chiefly 
Lue to lack of experience and practical knowledge. Briquettes 
veie manufactured from best waste Welsh coal, but these 
ould not be used in locomotives, nor under marine boilers, 
s they were far too rich in hydrocarbons. The blending of 
various qualities of coal has, however, reached in Belgium 
Jmost perfection, and the briquettes produced are practically 
mokeless, and of very high calorific power. 

)il from Coal. 

Desultory attempts have been made during the last two 
lecades in this country to treat the coal in such a manner as 
0 conserve the oils and produce a good residual fuel. The 
uccess with which some of the employed processes have been 
v'orked indicates very clearly that the treatment of coal in a 
atisfactory manner can be carried out, and that there is, 
herefore, no excuse for the continuance of a policy which is 
ixtremely detrimental, if not dangerous, to the welfare and 
)rosperity of this country. 

In the early days of low temperature distillation, the crude 
)ils were not of such a character as those obtained in a natural 
iquid state from the oilfields. The improvements in the 
nethods which have, however, been introduced during the 
ast two or three years have resulted in the production of 
Tude oils of a paxaffinoid character and equal in value to the 
latural crude oil. This change has placed the whole problem 
)n a new basis, ensuring as it does the production of a crude 
)il from which light products, equal in value to those obtained 
rom natural crude, can be secured. From the point of view, 
herefore, of oil values, low temperature distillation has now 
ittained a commercially sound position. There are in exist- 
ence at least half a dozen systems which are capable of guar- 
inteeing 6o gallons of oil per ton from material such as shale 
ind torbanite, coiitaining 65 p^;^ cent of volatile matter, while 
rx the case of Natal coal^ containing per cent of volatile 

1 The plant working on this coal waS established in Bombay, the mineral 
reated being imported from Natal, S. Africa. 
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matter, 34 gallons of oil have been obtained, and in the case of 
English coal containing from 28 to 30 per cent of volatile matter, 
an average yield of 20 gallons of oil can be safely relied on. 

The Pitfall. 

The great mistake which has been made by the majority of 
those who have turned their attention to the invention of a 
process whereby the by-products from coal could be obtained 
has been that they have set out with the idea of securing as 
great a variety of products from the coal as possible, instead 
of directing their energies into one definite line. It is impos- 
sible to secure a large quantity of oil and at the same time 
produce satisfactory quantities of good residual fuel and gas. 
The object which should be kept right in the forefront is that 
of producing the largest quantity of oil, and using whatever 
residual fuel is obtained for briquette manufacture, combining 
this with waste bituminous coal, of which such vast quantities 
are available. 

The Requirements of Solid Fuel. 

This brings us to the other factor in the problem, as in 
dealing with coal one has to consider the interests and require- 
ments of sohd fuel producers and consumers. The solid fuel 
residue derived from the distfilation of coal is in the nature 
of a high grade coke, and can be crushed and combined with 
waste coal for the manufacture of briquettes. These bri- 
quettes, if properly constituted and made, have a far higher 
calorific value than the original coal, and can be employed for 
any steam-raising purpose as well as for domestic use. The 
question of briquetting has, in Belgium, become a fine art, 
^ w^te being crushed, washed, concentrated and mixed with 
inferior coal and transformed into briquettes at a very nominal 
cost in well-devised plants working automatically and with a 
labour outlay of less than one shming' per ton. The chief 
expense incurred is in respect of the binder, which up till 
recently has been confined to pitch produced from coal tar. 
For some time pitch stood at a prohibitive price in Great 
Britain, and successful efforts were made to adopt a pitch 
produced from heavy petroleum ; but if the low temperature 
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listillation of coal is carried out efficiently there should be 
10 need to resort to imported mineral for a binder. From 
:oal treated by the low temperature process, oil is extracted 
n as large a proportion as possible, and the friable coke ob- 
;ained turned into briquettes as suggested above, while the 
)itch resulting from this process can be used as the required 
)inder. 

The Coke Oven. 

The coke oven is already producing valuable by-products, 
ind blast furnaces, etc., supply free fuel for boilers and steel 
urnaces. So far the obtaining of coke for metallurgical 
lurposes implies the use cf high temperatures which, up to the 
)resent, and with all the improvements made, is still over 
loo"^ C. at the initial point, and the resultant products are 
nore of the aromatic or acid series than paraffinoids. There 
s, however, already some improvement in coke-oven practice, 
Lud no doubt this will continue. For ordinary industrial fuel, 
team boilers, locomotives, etc., and for domestic purposes 
)f every form, the future lies in passing all the bituminous coal 
hrough low temperature carbonization, extracting the maxi- 
num of oil possible of the highest quality, and forming 
dtimately a synthetic coal, smokeless and adapted in 
imposition and form to the purpose for which it is destined. 

rhe Low Temperature Process. 

Low temperature carbonization with super-heated steam 
vill extract oils and preserve their paraffinoid character, avoid- 
ng the production of aromatic products and paraffin scale, 
rhe matter of briquetting the friable coke residue is such a 
lommonplace affair abroad that anyone who has inspected 
he developments in Belgium, France and Germany, can 
eahze the backwardness of England in the matter, and it is 
ivident that this is due not only to prejudice, but to the fact 
hat this country possesses such potential supplies of coal 
vhich have shown no signs yet of becoming exhausted, and 
hat, in consequence, there is no necessity to conserve supphes. 
rhe fallacy and danger of such an attitude must be obyious 
o everyone, 
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Brown coal and lignite can also te treated in the same manner 
as the higher grade coal for oil extraction and briquetting, and 
this has been done in Germany, France and Russia for a 
considerable time, while it has also been recently introduced 
into America with success. 

Financial Facts. 

The commercial aspect of low temperature processes is, of 
course, the touchstone of utihty and practicability of any new 
process, and we may introduce a few figures here relative to 
this point. The capital expenditure necessary to establish 
a plant capable of dealing with i,ooo tons and including retort- 
ing, etc., may be stated to be from £40 to £^o per ton treated, 
while the cost of treatment, including amortization and 
depreciation, should not exceed 4s. to 5s. per ton. As far as 
briquetting is concerned, the cost would, naturally vary accord- 
ing to the nature of the coal dealt with, but taking an average 
figure, it may be put down at from is. per ton to 2s. per ton, 
the necessary binder or pitch being a by-product of distillation. 
From these figures, which are based in most cases on actual 
practice, it would appear that for securing the whole of the 
valuable products, gaseous, hquid and sohd from the original 
coal, the working costs would amount, at the outside, to 7s. 
per ton. ^ In regard to the utihty of the oils obtained from 
coal distillation, there is now Kttle doubt as to their market 
value, and to the demand for these. The profitableness of 
such a venture is assured, especially when taken in conjunction 
with the manufacture of briquettes, the extensive use of which 
on the Continent and elsewhere has already been referred to. 

Diesel Engine Fuel. 

There is one direction of disposal, however, to which refer- 
ence may be made, namely, that of Diesel engine fuel. The 
oil produced from coal could be very easily prepared to make 
it eminently suitable for use in internal combustion engines 
and once having a rehable home supply of this description of 
oil there can be httle doubt that considerable impetus would 
be given to the adoption of the motor-ship. 

One of the obstacles standing in the path of motor-ship 
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development is ’ undoubtedly the lack of extensive and low- 
priced oil supplies. The total oil output of the world is now 
about 1,000,000,000 barrels, so that taking four barrels of oil as 
equal to one ton of coal, the oil supply is equal only to 
250,000,000 tons of coal per annum, or not sufficient to replace 
the coal mined in Great Britain alone. It is here, therefore, 
apart altogether from the production of petrol and other pro- 
ducts from coal distillation, that producers of oil on the low- 
temperature principle should find an available and profitable 
market. The main problems of low-temperature carbonization 
have now been solved which means that all the coal of the 
country, non-coking as weU as coking, can be carbonized 
successfully. Apart from the existing high temperature 
processes employed at gas works and coke ovens which absorb 
between them about 38,000,000 tons of coal per annum, there 
would be available at least 150,000,000 tons yearly for dis- 
tillation by modem methods. This would yield, among other 
products, at least 450,000,000 gallons of motor spirit, and 
250,000,000 gallons of crude oil, of which at least 50 per cent 
is high-class Diesel oil. Under such conditions we could 
develop the economical Diesel engine, not only for marine 
purposes, but for stationary land and locomotive services as 
well. In addition to this an enormous reduction in the national 
coal bill would accrue as weU as a great saving in subsidiary 
local and national expenditures due to the burning of coal by 
the present wasteful methods. 



CHAPTER II 

EARLY EXPERIMENTS 

The records of the early experiments in the distillation of coal 
are of extreme interest not only to the technical historian but 
also to those engaged in the chemical and industrial aspects of 
science. As far back as the seventeenth century experiments 
were carried out having as their object the extraction of pro- 
ducts from coal by means of destructive distillation. The 
chief purpose of these experiments appears to have been due 
to the ignorance which prevailed in regard to coal and its use, 
for in a patent taken out by Becher in i68i he stated that he 
had found " a way not merely to bum both peat and pit coal 
into good coal which did not smoke or stink but would smelt 
equally as weU as wood.” It is evident from this that he 
obtained by distilling off a certain proportion of the volatile 
constituents, a residue to which was given the name of coke. 
This endeavour to make coal as it was then burnt a less noxious 
fuel undoubtedly accidentally led to the discovery of the valu- 
able products which the mineral contained. Mechanical appli- 
ances in those early days were in a very primitive state and the 
methods adopted to obtain combustion were so imperfect that 
vast quantities of smoke and noxious gases must have been 
given off and the atmosphere poisoned -^th sulphurous fumes. 
This is the picture presented so vividly, yet in so few words, 
in the specification drawn up by Becher for his method of 
distillation. Judging from the wording of this patent, it was 
not the chief object of its originator to engage in the distillation 
of coal for the purpose of obtaining the products it contained 
but merely to convert coal as far as possible into an innocuous 
fuel for smelting purposes. This, however, is of little account, 
since in the course of this process products were obtained and 
the utility of these recognized, thus la 3 dng the foundation of 
future industries. It was natural that having secured his 
mam product, Becher’s attention should be attracted by the 
residual matters, pitch and tar, and he was in a measure correct 

§ 



EARLY EXPERIMENTS 


9 


n asserting that these had never before been '' found out or 
ised by any other/' although we have Biblical authority for 
he fact that pitch was known and used in the days of the 
i^haraohs. It may be allowed, however, that Becher's treat- 
nent of coal brought the possibilities of its distillation more 
learly before enlightened scientific minds, which were imme- 
liately, in England and on the Continent, directed seriously 
,0 the matter. Tar was evidently distilled from wood in 
Sweden prior to this, as Becher refers to it himself and compares 
he product he obtained as equal to it and in some operations 
wen superior. Whether this treatment of coal was carried 
)ut to any extent at that period it is difficult to ascertain as 
here are few, if any, records to this effect. The gases which 
vere given off during the process of distillation do not appear 
o have been investigated nor taken any account of until more 
Iran fifty years later when Clayton, in carrying out his process 
Liscovered that combustible gases were formed at the same 
ime. 

From this time onwards a great deal more attention appears 
0 have been paid not only to the use of coal as a fuel but also 
0 production of coke for smelting purposes as a substitute for 
vood charcoal, which had been almost wholly employed. 
5imultaneously with this extended use of coke attention was 
lirected towards the by-products given off during the process 
)f coking. Among the products which attracted the most 
ittention was that of tar and methods were introduced for its 
ecovery. This evidently led to the introduction of a special 
urnace by which the coal was coked and the tar recovered, 
n this process a muffle furnace was employed, and was at 
vork in Sulzbach, near Saarbrucken, previous to the year 1768. 
‘t is evident from general historical i*ecords that the possi- 
)ilities of coal as fuel and as possessing valuable products, 
btained only by means of distillation, absorbed a considerable 
mount of attention from the scientists of those times. Unfor- 
unately, a great deal of the investigatory work which must 
Lave been carried out was not recorded, and almost the only 
vidence available is that obtainable from patent specifications. 

For the next link in this chain of progress we have, therefore, 
0 go to this source of inf orma,tion, froni which it is a,scertainable 
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hat a patent was taken out by the Earl of Diindonald in the 
rear 1781 for an invention for coking coal and entitled, '' A 
Method for Extracting or Making Tar, Pitch, Essential Oils, 
Volatile Alkali, Mineral Acids, Salts, etc., from Pitch Coal.'' 
This was a very ambitious effort, and as might be imagined 
vas never wholly fulfilled and, in fact, did not carry the science 
)f distillation very much farther than it had already reached 
inder previous patents. At this time the manufacture of coal 
ar was not carried out on a scale to any extent, but was 
egarded only as a by-product of the process adopted for 
hminating gas from coal. The next investigators to come 
ipon the scene were Lebar and William Murdoch, and it was 
lue to the efforts and ability of the latter, together with his 
)upil, Samuel Clegg, that the foundation of a new industry, 
)ased on the distillation of coal, was laid. With the results 
)f the previous investigations at hand and recognizing the 
)ossibilities which were, no doubt, brought to light by Clayton 
n 1737, Murdoch directed his abilities to one specific object, 
lamely, the distillation of coal for the production of gas for 
Uuminating purposes. The outcome of these efforts was the 
section of a private gas plant in the engineering works of 
Bolton and Watt in the year 1798. Some time, however, 
lapsed before the methods and appliances which Murdoch 
lad introduced were in a suf&ciently advanced state to make 
hem suitable for the supply of gas on a large scale, and it 
s^as not until 1813 that the fcst public gas works were erected 
n London. It is evident from the study of the whole of this 
larly work that high temperatures were employed in coal 
listillation, for the reason that the main object at which the 
nvestigators auned was the securing of a fuel which, deprived 
)f a large quantity of its volatile matter, would be suitable 
or smelting purposes. The end of the eighteenth century, 
lowever, brings us to definite points in this branch of work, 
n the first place, the manufacture of coke for metallurgical 
mrposes was an established fact, and the distillation of coal 
or the pui^ose of extracting therefrom the gas, which could, 
ifter certain treatment, be utilized for illuminating purposes, 
■cached the first stage of commercial success. 

It is when we arrive at the end of the eighteenth century 
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that we find a broader view being taken of the subject of the 
distillation of carbonaceous substances, and we must bear in 
[uind, therefore, with the later developments wliich have taken 
place that the fundamental principles had already been laid 
down by Clayton and Murdoch. The application of these 
principles to other substances, important as they have been 
from commercial and industrial points of view, are but the 
adaptation of the main ideas demonstrated years previously, 
rhere can be no doubt that the knowledge of the efforts and 
success of the English inventors, already referred to, had 
extended to Continental countries, and these efforts inspired 
;he scientists of the Continent to make attempts in the same 
direction, and in 1788 Krunitz, in carrying out investigations 
nto the possibilities of '' earth coal,'' or lignite, found that he 
:ould, by distillation, obtain what he termed a rock oil. Sub- 
lequently to this progress seems to have been somewhat 
'etarded, although there is little doubt that continuous work 
vas being carried out in the directions indicated. A number 
)f patents were taken out for distillation processes, among 
vhich was a rotary retort by Clegg in 1815, but which, however, 
n practice, proved to be unsuited for the work. 

The next important landmark that we find in this connection 
s the discovery in 1830 of paraffin as a distillation product, by 
ZbxI Von Reichenbach, who was the first to investigate this 
)roduct and to describe its chemical and physical properties. 
T was about this time, apparently, that attention was directed 
owards bituminous shales. This mineral attracted the notice 
)f Laurent, who engaged in experiments on its dry distillation, 
n conjunction with this work Selligue and De La Haye pro- 
luced from this shale tar on a large scale and the industry 
stablished at that time is still in existence in France. Some 
^ears later another material was taken in hand, namely, peat, 
nd from this Runge is stated to have manufactured candles 
f the paraffin recovered from peat tar. About this time, that 
5 1850, the enormous peat mosses of Ireland were brought into 
he field, and a distillation p]#nt was put down in Kildare for 
xtracting tar, which was subsequently worked up into other 
►roducts. Similar efforts were being made on the same lines 
1 Austria and Germany, but, as might have been expected, 
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the enterprises failed from the commercial point of view. 
Scotland also was the scene of a number of distillation plants, 
which suffered a like fate. 

It was, however, from the attempts which had been made in 
his native country that James Young conceived the idea, which 
formed the basis of the present thriving industry, of the 
distillation of shales in Scotland. He commenced his opera- 
tions on crude oil, which was obtained from a coal mine in 
Yorkshire, but the supply of oil failed and he had to cast about 
for other mineral products. A variety of coal was experimented 
with first of all, but this was soon relinquished as unsuccessful. 
His attention was then directed to Boghead coal from Torbane- 
Mh, and in this he discovered a suitable material for distilling. 
In his early efforts. Young employed low temperatures for his 
process, and by this means he was able to extract over loo 
gallons of crude oil per ton. The success of this venture 
naturally attracted the commercial men of America and 
Germany, to which countries large quantities of this Torbane- 
hill mineral were exported. The supply of this description of 
coal, however, soon began to decrease, and again other mate- 
rials had to be sought for. It is interesting to note that during 
the period when Young was at work in Scotland distillation 
plants were at work in Canada treating Albertite shale, which 
was for a short time quite an important industry. 

The bringing in of the first drilled oil well in Pennsylvania 
was practically the death-blow to Young's enterprise, as the 
comparatively cumbersome and lengthy process of distillation 
was relinquished for the supply of liquid oil from wells. The 
opening of this new era, however, gave an impetus in one 
direction ; it set Young casting about for new material once 
more, and this he found in the bituminous shales with which 
Scotland is so proliflcaUy endowed. Thus was laid the 
foundation of the present Scotch shale industry. 

This brief record of efforts and endeavours, covering nearly 
two centuries, indicates very clearly the end at which these 
investigators and inventors were.. aiming, at the same time 
revealing definite lines of development which were taken up 
and exploited by their successors. These lines of development 
have been such as to make for the establishment of two main 
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tranches of industry, namely, the manufacture of illuminating 
jas, and a fuel from which a large proportion of volatile con- 
itituents have been extracted by the distillation of coal. The 
act that oil was recoverable during this process was recognized 
)y one man, namely, James Young, and to him as well as to 
ill previous investigators is due the honour of proving that 
mder certain conditions the valuable products obtainable 
rom coal can be recovered and successful and profitable 
ndustries built up. It is noticeable, however, that very little 
ittention was paid to the use of low temperatures and the 
Ldvantages obtainable from these were apparently unrealized. 
'.t has been proved conclusively that in the splitting up of coal 
)y distillation far more valuable products can be obtained, 
vhile at the same time the valuable properties of the mineral 
ire conserved, than by using it in its natural state as a fuel, 
h carbonizing the coal for gas-making purposes and in treating 
t for the production of coke, what are to-day very valuable 
)roducts are lost, and it is from this point of view that this 
reatise has been written. 


CHAPTER III 

THE CARBONIZATION OF COAL 

The carbonization of coal is carried out for two chief purposes, 
one is for the manufacture of gas, either illuminating or power, 
the other for the production of coke. The distillation of coal 
having as its main object the securing of its volatile consti- 
tuents is not yet commercially engaged in ; although as far 
back as 1898 Dr. Beilby remarked that he was fairly confident 
that when the proper time arrives we shall see coal separated 
into its volatile and non-volatile constituents, as shale is at 
present/' In the opinion of many authorities this time has 
now arrived, and it is in consequence of this that the following 
brief review of the methods in vogue for the extraction of 
certain products from coal, has been undertaken. Not far 
short of three centuries have passed since coal was treated 
for the purpose of depriving it of a large proportion of its 
volatile constituents. Apparently, however, no definite record 
indicating when coke was first employed as fuel exists. One 
fact, however, is clear, namely, that this product was in use 
long before the value of the' gases given off during its manu- 
facture were fully realized. Until a comparatively recent 
period coke was produced by burning coal in heaps. 

A negative proof that coke was manufactured previous to 
the year 1657 is found in a patent specification drawn up by one 
Jeremy Buck in the year 1657. This worthy '' obtained a 
patent for making iron from stone-coal, pit-coal, or dea coal 
without charking," and the same authority states that the 
verb ''chark" means ''to burn to a black cinder," whereas 
the meaning of " char " is defined to be " to burn wood to a 
black cinder." ^ In 1686 coal was charred in exactly the same 
manner as wood ; and the coal thus prepared was called 
" coak," which was capable of producing almost as strong a 
heat as charcoal itself. 

^ Report of Royal Commission on Coal, and Percy’s Metallurgy-Fuel. 
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As much as for its historic interest as for its value in revealing 
:he fact that a by-product of oil was secured and its utility 
'ecognized and applied, we quote an enlightening extinct on the 
;ubject from Percy's standard work on metallurgy — 

Long anterior to Murdoch's great invention of lighting 
by coal-gas, experiments had been made by various chemists 
on the nature of the products of the destructive distillation 
of coal. Early in the last century, Hales indicated to the 
Royal Society the fact that half a cubic inch or 158 grains 
of Newcastle coal yielded in distillation 180 cubic inches of 
air (gas). Newmann states that 48 ounces of pit-coal distilled 
in a glass retort, with a fire gradually increased, yielded 
2 ounces 7 drachms of phlegm, 2 ounces and i drachm of a 
thin fluid oil, and i ounce of a thick, tenacious, ponderous, 
pitchy oil, which stuck in the neck of the retort ; the resi- 
duum weighed 42 ounces 7 drachms. The distilled liquors 
gave marks rather of an urinous and ammoniacal character, 
changing syrup of violets greenish, and emitting an urinous 
odour on the admixture of fixed alkaline salts or quicklime. 
The oil arose in yellow fumes, and smelled considerably 
sulphureous ; it somewhat stained polished silver, but the 
stains were easily rubbed off. That which distilled at first 
was light, and swam on water ; the succeeding parcels 
proved more and more gross and ponderous, and at last 
sank." 

Genssane, in 1770, published a detailed and interesting 
Lccount of the mode in which pit-coal was distilled at iron- 
v'orks at Sulzbach. His description was founded on personal 
)bservation. The distilling apparatus consisted of a chamber 
)T large muffle of refractory clay, heated by a fireplace on each 
ide. There were two openings in front provided with doors, 
n upper one through which the coal was charged, and a lower 
me through which the coke was withdrawn. The sides of the 
hamber were vertical, and the roof was arched. The bed was 
[at, and sloped downwards towards the back, in the bottom 
ff which was a pipe communicating with a receiver on the 
mtside. In this pipe was fixed another vertical pipe for the 
xit of the uncondensable products. There were not less than 
line of these furnaces built together in a row, and at least three 
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were in operation, while three others were cooling. When the 
coal was half coked in the first three, three others were lighted, 
and so on in succession. As the coking generally lasted 
three days, the coke was withdrawn daily from three furnaces, 
and the three others were charged. The coal lost in coking 
an eighth of its weight. 

The charge for each furnace was about a ton of raw coal, 
and somewhat less than half this weight of coal was required 
to distil a charge. The coke was used to smelt iron. Genssane 
made the following remarks : '' Coal thus coked (cuit) exhales 

not the slightest odour in burning, and it has the advantage 
of lasting twice as long in the fire as wood-charcoal, instead 
of which it may be used for all purposes without fear of the 
least inconvenience. This is not aU ; the oil and bitumens 
obtained in this operation almost pay the expenses of it. 
These two matters are thus turned to account. They collect 
together in the great receiver ; the mixture is poured into a 
large tub, and stirred during a long time with wooden instru- 
ments worked by hand ; by this manipulation the oil collects 
on the top, and is taken off with iron spoons, while the bitumen 
falls to the bottom of the tub ; this is sometimes sufficiently 
pure to be at once sent into the market ; but more frequently 
it is surcharged with water ; it is then boiled in a copper until 
the water is evaporated, and it deposits a pulpy matter, which 
is thrown away. After this the pure bitumen becomes very 
greasy and liquid, and it is in no respect inferior to the best 
grease for carriages. There is no difference between this oil 
of coal and that distilled from petroleum, except that the latter 
is much more inflammable and suddenly" catches fire ; and it 
may be usefully employed in lamps by people in the country. 
No other light is used in the mines of Sulzbach, but it smokes 
much, and exhales a tolerably strong smell of bitumen.'' 

The history of the process of coking at the ironworks at 
Sulzbach is interesting from another point of view, as showing 
how completely a great practical discovery may obtrude itself, 
as it were, upon the attention of men, and yet be xmperceived. 
The chamber in which the coal was distilled was essentially a 
gas retort, and the gas which issued in a continuous current 
from the vertical pipe at the back, must often have taken fire 
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md produced a luminous flame ; but the idea of applying that 
jas to the purpose of lighting seems never to have occurred to 
hose who observed it. Large gasworks were daily in operation 
Lt Sulzbach, and yet the merit of the invention of lighting by 
:oal-gas was reserved for Murdoch in 1792, or more than 
wenty years afterwards. 

From this time onwards some attention was given to the 
listillation of oil from coal, and in 1781 the Earl of Dundonald 
mbodied in a patent specification a claim for condensing “ the 
ess coercible part of the vapour that comes off in distillation 
)y commixing it with the steam of boiling water, and complete 
he condensation by the means of cold water — I also cause 
he vapour to pass through more condensing vessels than one, 
md separate by that means the different oils and substances 
iccording to the different degrees of coal and moisture requisite 
:o condense. 

In 1852, a patent was taken out by W. E. Newton for '' the 
Ldaptation of ordinary coke ovens of an apparatus whereby 
he gaseous products evolved during the combustion of coal 
herein may, without interfering with the ordinary process of 
oking, be drawn off and conveyed away to a receptacle or 
hamber where they may be separated from each other, and 
ombined with other chemical agents to form valuable products, 
)r used for some other useful purpose/' Ammoniacal cqm- 
)Ounds are particularly mentioned as being among the con- 
lensable products ; while the residual combustible gases are 
:onducted under steam boilers or any other apparatus, where 
hey are burned by the admission of air. 

Seven years later, Edward Jones, of Russell's HaU Ironworks, 
lear Dudley, secured a patent for collecting and condensing 
nainly or wholly the tar or other condensable volatile products 
[iven off during the process of coking in open fires or heaps, 
fhe fires were constructed in the usual manner with a central 
himney. The bottom of the chimney was connected with an 
inderground flue, which communicated with an old steam- 
)oiler containing coke, and having a tap at the bottom ; and 
he boiler in its turn communicated with a chimney. A series 
f coke-fires were put in connection with the underground flue. 
Jefore or soon after igniting the coke heap, the top of the 
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central chimney is closed by a damper. The volatile products 
then pass downwai'ds through the underground flue, and such 
as are condensable accumulate in the boiler, from which they 
are -drawn off by the tap at the bottom. A considerable 
quantity of tar and other matters were thus obtained. The 
5deld and quality of coke made was stated to have been not 
inferior to the ordinary method of coking in circular piles. 

The distillation of oil from coal was, however, not prosecuted 
further as a definite industry, attention being solely directed 
to the provision of coke and of ilhrminating gas, satisfying 
industrial, manufacturing and domestic requirements on a 
large scale. 



CHAPTER IV 

THE DISTILLATION OF COAL 


5 o numerous have been the early attempts to distil oil and 
)ther products from coal, that it is impossible to include them 
n this short treatise. Some idea has, however, been given of 
;he extent of these efforts and further reference will also be 
bund in the section dealing with the carbonization of coal, 
n which early records on the authority of Dr. Percy are 
ncluded. Both in this country and on the continent the 
jreat value of the volatile constituents of coal were recognized 
certainly three centuries ago, but the work of distilling these 
rom the mineral appears to have been undertaken in more or 
ess of a dilettante spirit. They, however, were links in the 
kain which led up to the ultimate aim of converting these 
)roducts to commercial use, and without which the achieve- 
nents which have been and are chronicled in this brief work 
vould have been made much more difficult. It was no less 
han one hundred years ago since Murdoch lighted upon the 
dea of utilizing the gases obtainable from coal, when the 
ionble. Robert Boyle carried out experiments on the distiUa- 
ionofcoal.andobtainedtherefromagas, being the first inves- 
igator to separate an illuminating agent from that material, 
t is remarkable that this discovery should have lain dormant 
0 long, but the value of it in that early period was unrecognized, 
n addition to the references already made in this connection, 
t is interesting to note that in 1812 Lewette introduced an 
apparatus for the extraction of tar from coal. For this purpose 
wo circular furnaces placed at each end of the apparatus with 
. fan or blasts to activate the fires were employed. The 
ondensing apparatus between the furnaces consisted of a 
eries of narrow passages in brick work, with a reservoir placed 
a the centre and front of the apparatus to receive the bitumen, 
'he mode of operation was to place 3J tons of coal in one 
iirnace, the connection with the other furnace being shut off 
ly the register. The coals were kindled by lighting some kind- 
ng placed below the coal in the hearth and by opening the 
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blasts. In two hours, combustion became active, and the 
tar commenced to distil over. Combustion lasted twenty-four 
hours, and when completed, the register of the furnace was 
shut and the opposite one lighted. Thus the condensers were 
kept in constant use by alternate fires. By this method the 
coal yielded lo per cent of tar and the residual coke was 
valuable for forges and iron furnace operations. 

In 1824 Prosper and Charles Cher van invented a process for 
extracting by distillation the bitumen which the rocks of the 
Department of Saone and Loire contain. Cylindrical iron 
retorts were used 5 feet 2 inches long, 20 inches wide, and 
about inches thick. From the bitumen was obtained an 
oil of the character of naphtha, and it was recommended fcr 
giving light in alcohol lamps. These inventors also extracted 
volatile oils in the proportion of 40 parts of oil to 100 parts of 
shale. 

In the year 1833 Dr. Bley distilled brown coal, and obtained 
a small quantity of volatile oils in addition to ammoniacal 
products. Wagenmann carried out a large number of experi- 
ments in these directions with the object of obtaining a larger 
yield of tar. The results of these efforts were that from brown 
coal of a specific gravity of 1-369 yielding 29-37 per cent of 
water and 7-018 of ash, he obtained in 100 parts of coal : Coke, 
37*66 ; ammonia, equal to 36-69 lb. per ton ; tar, 5*96, and gas 
and steam, 19-96. From a brown coal of 1-252 specific gravity 
and with 39-58 per cent water and 3-43 ash, he obtained 30-43 
of coke, 48-41 lb. per ton, of ammonia, 4-02 of tar, and 17-7 gas 
and steam. 

Even in these early days, the shales of Dorsetshire attracted 
attention, and a distillation of samples of this by the same 
authority gave 9 per cent of tar, of a specific gravity of *910 ; 
creosote oil, 6 per cent of specific gravity 850 to 900, and of 
crude paraffin, i/3oth. 

As time goes on it is clearly apparent from the wording not 
only of patent specifications but also of the records and experi- 
ments carried out, that the possibilities of coal distillation were 
realized, and that the conditions under which this distillation 
should be carried out were also from a chemical point of view 
pretty clearly grasped. In a work on this subject written in 
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:865 by A. Gesner, ^ he remarks that in proper retorts the 
dls will all distil over at a temperature of 750° F, or 400° C., 
v^hich is now the temperature proved to be the most efficient 
rom the oil-production point of view and the non-production 
)f permanent gases. A high degree of heat produces per- 
nanent gases from any volatile matter that may remain in the 
harge.” 

He also remarks that '' if a quantity of coal be distilled in a 
etort or closed vessel at a heat of 1,200° F. or thereabouts, in 
he manner the coal gas is made, a large quantity of gas will 
)e formed. The oily products will be small in quantity, and 
onsist chiefly of benzol, naphtha, naphthalin, carbolic acid, 
nd other hydro carbons, which so far as the oil manufacturer's 
ibjects are concerned may be called impurities. Again, the 
rude oils obtained by such a heat contain more carbon than 
hose produced at a lower heat, much of the hydrogen being 
Irawn off from the coal in carburetted gases. But if the heat 
o which the coals are exposed does not exceed 750 to 800° F. 
L different class of results follows." 

Instead of true benzol the naphthalin will be replaced by 
)araffin, the carbolic acid will be less in quantity, and there 
vill be a great increase of the oils employed in lamps and for 
dling machinery. To obtain these results will depend upon 
he form of retort. The essential thing is to obtain an equal 
listribution of heat, and for this purpose revolving retorts were 
ntroduced. Horizontal retorts were also employed, and these 
v'ere from 30 to 45 inches in width and from 8 to 10 feet in 
ength. The latter was capable of distilling three charges of 
:annel coal of 450 lb. each in 24 hours, at a heat not exceeding 
'80° F. The gas from the retorts was discharged into one 
nain, from whence it was conveyed to a gas meter, to be 
ubsequently used for fuel or for lighting. 

In 1853, two patents were taken out in England for upright 
;oking furnaces, the object being to obtain crude oils and not 
;oke. In this and other instances the coal was placed in large 
)erpendicular cones of masonry. The fire was lighte'd below, 
Lud as it advanced upwards the volatile parts of the material 
V'ere driven off by the heat produced by itself and without the 

1 PfCLCtical Tr$atis^ on Coal^:,Petyolmm, oi>y^d Oth$r Distilled Oils^ ^^ 865 . 
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aid of any external heat. The discharge pipes were fixed at 
the top of the furnace, and communicated with the condenser 
in which the oils were formed. The wealmess of admitting 
air was obviated by driving a blast of air through the fire. 

At the present time the distillation of coal for obtaining 
chiefly oil, is carried out on a commercial scale at the Messel 
works, in Germany. These works, known as the Gewerkschaft 
Mussel, are situated near Darmstadt, where the local coal is 
distilled. The process which is adopted for this purpose 
is divided into three stages, namely, the drying of the coal, 
in connection with the generation of steam ; the distillation 
of the dried material; and the gasification of the residual 
coke with the steam generated in the first stage. The three 
stages are effected in the same retort, and in succession from 
above downward. The charging and discharging proceed 
continuously. No special mechanical devices are used to 
separate the various stages, this being, satisfactorily accom- 
plished by the manner in which the steam circulation is main- 
tained. In correspondence with the three stages inside the 
retort, the external heatmg of same is effected in three zones, 
namely, a zone of maximum temperature for the production 
of water gas, in the lower-most portion of the retort ; a middle 
zone, in which the distillation temperature prevails ; and the 
upper zone, which is devoted to the generation of steam, i.e. 
the (giving of the charge. The heating chambers are com- 
paratively spacious, but, nevertheless, the only communication 
between them is by means of openings, of such small diameter 
as to preclude any convection of the heating gases from one 
chamber, or zone, to another ; whilst only so much ascends 
from one space to another as is requisite for the amount of 
fumes generated at the actual draught. Owing to the roomi- 
ness of the chambers, the convection therein is ample, and in 
each zone there is attained a uniform temperature which 
differs considerably from that of the preceding zone. Large 
quantities of hea.t are naturally required to expel the high 
percentage of moisture in the coal, and consequently the fumes 
must enter the steam-generating chamber at a very intense heat. 
As a matter of fact, the temperature is so high that the operation 
would not stop at the expulsion of moisture, but woul4 also 
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iffect the distillation of the dried material, were it not that 
:are is taken to keep the temperature down to below that 
'equired for distillation, in the upper charging stage, by main- 
:aining a very brisk circulation of steam in this stage. This 
>team, at a temperature of slightly above 100° C-, enters at 
:he hottest part, and, itself becoming superheated, carries the 
jxcess of heat away to the place where the newly introduced 
:oal, with all its original percentage of moisture, is situated. 
The circulation is produced by means of a powerful fan mounted 
m the retort, and is so efficacious that the steam remains free 
rom any dry distillation products and can be led away for 
:he production of water gas without causing any decomposition 
)f valuable constituents. On the other hand, the utilization 
)f the heat is so complete that the fumes escape into the 
himney at a temperature of only 200° C. 

The steam, which has greatly increased in quantity through 
he moisture absorbed during the circulation, is forced by a 
mall blower into the bottom end of the retorts and ascends 
herein, forming water gas as it rises. The retorts are heated 
)y the very large quantity of mixed water gas and distillation 
^as formed, amounting to over 500 cub. ft. per cwt. of coal 
n the charge, after all the condensable and extractable con- 
tituents in the gas have been removed. Even after the 
equirements of the retorts have been satisfied, there remains 
L considerable excess of gas, which is led away to the power 
tation and utilized for steam-raising there. The calorific 
^alue of the gas is very high, and after elimination of the circa 
^0 per cent of carbon dioxide present, it is admirably adapted 
or incandescent lighting. The distillation vapours and water 
;as are drawn off through a common exhaust pipe about one- 
hird of the way up the retort. The mixture is first freed from 
)articles of water vapour, and then passed in succession through 
he ammonia-recovery plant, the condenser plant and oil 
i^ashery, to a gasholder for delivery to the several centres of 
onsumption. The portion destined for the gas engines is 
►assed through purifiers charged with the usual ferric-hydroxide 
>urif5dng mass, for the purpose of eliminating the contained 
ulphuretted hydrogen. The plant for treating the vapours 
lefore they reach the gasholder is more fully described later, 
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The following points in connection with the raw material 
may be mentioned here: the coal coming from the pit is 
crushed in a breaker and separated from dust and slack on 
special screens, since these finer portions would present an 
excessive resistance to the passage of steam in the retorts. 
The dust and slack are utilized in other ways by the aid of 
special appliances. Screens of perforated sheet iron were 
formerly used, but were afterwards discarded because they are 
liable to become obstructed in consequence of the clayey nature 
of the material, especially in wet weather. At present all the 
screens used are provided with rotary knives, projecting through 
the slits and keeping the latter clear of obstructions. The coal, 
reduced to lumps between a hen's egg and a goose egg in size, 
and classified, is transported by means of ordinary conveyors 
to the charging hopper of each retort. The retorts are emptied 
by means of a suitable discharging device which is set in 
operation for a short time every half-hour. The discharged 
residue can be perfectly pure ash, which is grey in colour — 
in contrast with the red ash furnished when the coal is burned 
in a grate — ^but turns red on calcination. In practice, however, 
this complete incineration is unnecessary, more gas being 
already produced than is required ; and therefore, in the 
absence of any means of utilizing the surplus gas for the present, 
the residue is withdrawn with a carbon content of about 8 
per cent, and removed to the spoil heap. 

Twenty-four retorts of small sectiond dimensions constitute 
a battery, capable of treating 26 tons in twenty-four hours. 
Charging and discharging proceed continuously. 

The ammonia is recovered from the gaseous mixture by being 
scrubbed' with dilute sulphuric acid, in towers of the Glover 
type. The tar obtained is of a greenish-brown colour and has 
a specific gravity of *855 to *860. Distillation is conducted 
in a partial vacuum and is facilitated by the action of stirrers. 
The thick residue is drawn off into retorts into which it is 
distilled to a cokey residue. These retorts alone need to be 
cooled down considerably for the purpose of entering them 
and removing the incrusted contents, the other stills being 
worked continuously. Tubular condensers, each provided with 
two receivers, are used. The partial vacuum is maintained 
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►y means of side-valve air pumps, fitted with mercury 
auges for measuring the vacuum produced. The stills and 
etorts are chiefly heated by burning the acid and alkali tar 
rom the mixing plant. 

The distillates from the residue retorts are united wnth tars 
nd decomposed into a light and a heavy fraction, the former 
mounting to 16 per cent and the latter to 76 per cent. After 
hemical treatment, the first fraction is re-distilled, and fur- 
dshes, on the one hand, naphtha and crude lamp oil, and on 
he other, gas oil. The heavy fraction represents paraffin mass, 
ind after chemical treatment is re-distilled. This process 
delds a small proportion of light oil, which is used direct as 
fas oil 

There is no separation of the heavy portion into soft and 
lard paraffin masses, the two being collected together and 
aystailized by cooling. The cooled mass is filtered in a press, 
tnd the press oil is collected, cooled down to -2° C. and filtered 
Lgain. The last filtrate is either direct for gas oil, or occasion- 
lUy worked up into lubricating oil. The lamp oil is treated 
;o bring the colour and smell to a high state of perfection ; 
)ut in spite of its low density (0*800) has such a high viscosity 
tnd low capillarity when burned in lamps that it cannot 
lowadays compete with ordinary petroleum. ^ 

^ Shale Oils and Tars, by Dr. W. Scheithauer. 




CHAPTER V 

THE BY-PRODUCT COKE OVEN 

With the relinquishment of the use of charcoal, the first 
attempts at carbonizing coal followed on the lines then in 
vogue for the treatment of wood, the mineral being burnt in 
large heaps. The first structure employed for the purpose was 
made in the form of these, and were subsequently termed 
beehive ovens, on account of the similarity of their shape to the 
beehive. This type of oven was, until recent years, most 
widely adopted in this country. In Germany, Belgium and 
America, the by-product recovery oven is most generally 
employed, and although in the modern type of beehive the 
recover}!' of some of the volatile constituents is carried out, the 
coke is regarded as of the very first importance, and it is 
asserted erroneously by some authorities that a better quality 
coke is obtained than in the ovens where much greater attention 
is paid to the by-products. It is unnecessary here to give a 
detailed description of this type of oven, as in its original form 
its function was merely to provide coke, the valuable volatile 
constituents of the coal being disregarded. It may, however, be 
mentioned that the yield of these ovens, usually slack contain- 
ing 3^ pel* cent of volatile matter, ranged from 58 to 60 per cent, 
showing a loss of from 10 to 14 per cent, by the admission of air 
to the coking chamber. The average charge was about 7 tons, 
and from 86 to 94 hours were required to complete the opera- 
tion. The principle underlying the manufacture of coke differs 
essentially from that adopted in the manufacture of illuminating 
?as. In the former, large charges subjected to long periods 
Df heating are regarded as necessary for the production of a 
;ood, metallurgical coke, while where large quantities of gas 
ire required, small charges, rapidly carbonized, are adopted. 

The transition from the old beehive to the modern product 
recovery oven was a slow process, and many forms were intro-* 
iuced and abandoned before the advent of the Coppee oven 
n the year 1861, while the Appolt oven was in use in France in 
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:S57. Both these types of ovens were distinct advances on 
he older type, the chief improvement lying in the fact that 
hey were externally fired, the heat for carbonizing being 
argely obtained from the combustion of the gas. They 
vere of rectangular shape, the Coppee being about 30 feet long 
nd 3 ft. 6 ins. high, tapering slightly from one end to the other, 
^oth of these ovens were fed from the top, and the advantages 
lerived were increased yield, shorter coking period, more 
fficient means of utilizing the gases, saving in heat by external 
[uenching, and economy of time and labour. 

We now reach the period of the by-product recovery ovens. 

The first of these to be introduced into this country was the 
)imon Carves oven, a battery of six ovens being erected about 
:869. 

In this oven the gases are drawn off by means of an exhauster, 
ind passing through the by-product plant return to the 
Listributing main. From this main, through a service pipe 
or each oven, the gas is fed above. a fire-grate beneath the floor 
)f the oven, where a supply of air, pre-heated to about 800° F. 
425° C.), is admitted. Combustion then takes place, and 
he products pass along the sole flue, into the top side flue, 
Lud thence to the recuperative system of flues. The waste 
^ases from alternative ovens pass to a chimney at one end of 
he battery, whilst the waste heat from other ovens is extracted 
)y a chimney at the opposite end of the battery. The air 
lues are sandwiched between these two flues. 

The next development occurred by the introduction of the 
)emet-Solvay oven (Fig. i), which is somewhat similar in 
)rinciple to that first described. Some of the ovens in use have 
hree flues at each side, but the practice now is to supply four 
)r five side flues. The greater height of these is of course an 
idvantage, as modern compressing machinery is capable of 
harging an oven of larger dimensions as readily as a small one, 
vhile no greater space is occupied thereby. In the Standard 
ype of Semet-Solvay-Piette oven, the side flues are entirely 
ndependent of the superstructure, the weight being carried on 
eparate pillars. In addition to greatly strengthening the oven, 
hese pillars act as a reservoir of heat, which is an advantage 
luring temporary stoppage^of the plant. This heat also aids in 
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counteracting the cooling of the flues induced by the introduc- 
tion of a charge of wet slack. The heat of this oven is very 
easily regulated in consequence of the fact that each oven is 
built independently, and has two series of side flues common 
to two adjoining ovens. Another advantage is that the flues 
are constructed of small rectangular blocks, measuring about 
8x4x2 in., which precludes gas leakage. The gases 
from the coking chamber are passed through the by-product 
plant and return to the distributing main from which it is 



Fig. I, — The Semet-Solvay-Piette Coke Oven 
(Sectional View) 

fed into the flues. The air for combustion is heated to about 
300 C., but the later type of generator having a continuous 
action, avoids the sudden changes of temperature during the 
periodical reversing which is characteristic of the ordinary 
type of regenerator. The heats obtained from the different 
flues are shown in the following table — 

Top Side Flue .... 1,190° C. 

Middle Side Flue .... i[2oo° C. 

Bottom Side Flue . . . . 1^170° c! 

Sole Flue i]ioo° c! 

The charges for this oven are compressed before they are 
inserted in the oven, and are carried out by machinery. The 
quantity of spare gas in the ordinary type is stated to be about 
30 per cent, and with continuous regenerators about 50 per cent. 

The late Sir Lowthian Bell, in a paper read before the Iron 
and Steel Institute in 1904, gave some interesting particulars 
in regard to the Huessener coke oven, which is of the horizontal 
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iae type. In this oven the air for combustion is not pre- 
leated, and the heats obtained in the flues are stated by this 
luthority to be : the bottom side flue 1,037° C,, and the top 
;ide flue 1,205° C. The spare gas amounted to 30 per cent 
)f the gas generated, and the waste heat under boilers evaporated 
J4 cwt. of water per ton of coal treated. 

The Otto-Hoffman coke oven is heated by vertical flues, 
hough there is no direct communication between the interior 
)f the oven and the side flues under normal conditions. The 
^ases generated are conducted through the by-product plant 
)efore being admitted to the side flues. The air necessary for 
:ombustion is preheated to a good heat in regenerators. 

The latest form of the Otto-Hilgenstock was a distinct 
tdvance on the oven just described, and is constructed in two 
ypes, namely, the '' waste heat '' type and live gas '' type. 
3 oth forms are characterized by the vertical flue, but the dis- 
ribution of the heat has been greatly improved. The gases 
rom the oven chamber are conducted through the by-product 
)lant. After the by-products have been removed, the gas 
s led into a series of nozzles or bunsen burners. In the case 
)f the waste heat '' oven, the action of the latter draws in 
ufficient air, previously heated in its passage to the flues, for 
he combustion. In the “ regenerative '' type, the air is 
)reheated by passing through the regenerators, and is subse- 
[uently led under the sole of the oven to the combustion 
hambers. In both instances, instead of passing into one 
ombustion chamber, the gas is subdivided, being fed into 
he vertical flues in as many as fifteen or sixteen places. Each 
)urner, therefore, is required to heat only a small portion of 
he oven walls, and, as the air and gas supply are perfectly 
inder control, sooting of the flues is usually avoided, and the 
ife of the oven walls is prolonged considerably. 

The gas ignites at the level of the coking chamber, and rises 
''erticaUy through the heating flues, following its natural 
endency. The chimney draught is thus decreased, and the 
Dss of gas, through leakages from the oven chamber to the 
ide flues, is reduced to a minimum. In the ''waste heat 
ype, the amount of spare gas is 20 to 40 per cent, but by using 
egenerators the amount of spare gas is increased to 50 per 
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cent. The ovens may be charged by tubs from the top, but 
the usual plan is to use compressing machinery. By using the 
latest type of ammonia recovery plant, the amount of steam 
required for the actual working of the plant is consider- 
ably reduced, and the steam available for outside purposes 
:orrespondingly increased. 

In the latest type of Simon Carves oven, entire control over 
the supply of air and gas is obtained, and this regulation can 
be readily and easily effected, all cocks and dampers being 
operated from the outside. 

The Koppers is another vertical flue oven, and is built 
n two types — '' waste heat '' and “ regenerative.'' The waste 
leat oven is of very simple construction, and after being 
ieprived of its by-products, the gas is fed from the distributing 
main into the gas-distributing channel, formed of firebrick 
flpes. It passes from this channel through orifices, each fitted 
vith a gas-nozzle, into the vertical flues, which number from 
50 to 35, each having a separate nozzle. The nozzles have 
)val-shaped orifices, and may be very easily changed. The 
juantity of gas passing into each flue may be perfectly adjusted 
)y means of these nozzles. The air necessary for combustion 
s drawn in by the chimney draught through the air distributing 
hannel from the air conduit, and the amount of air can be 
:ont rolled by the damper arrangement. The combustion of gas 
n the flues can be readily controlled by the dampers and gas 
lozzles, and an exceedingly high state of efficiency maintained. 

In the regenerative type, each oven has an entirely separate 
egenerator, which permits of repairs to individual ovens 
\^ithout affecting the others. The reversing of the gas and 
lir may be done simultaneously along the whole of the battery. 
The waste heat is more than sufficient to maintain the heat in 
he regenerators, therefore arrangements are made for leading 
»ff a portion of the products of combustion through the flues, 
die quantity of spare gas from ovens of the '' waste heat " type 
^aries from 15 to 20 per cent, with regenerators the amount is 
rom 50 to 60 per cent of the total gas evolved. 

The latest form of Coppee oven, similar to the preceding 
ven, is constructed for by product recovery, and is designed in 
wo types (Fig. ib). In the regenerative type, the regenerators 
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are situated underneath the ovens, one being connected to the 
sole flue of the odd-numbered ovens, the other to the even- 
numbered ovens. The series of vertical side flues is divided 
into five sections, each consisting of six flues. The gas is fed 
into the flues by means of tubes, two at the front and two at 
the back, each pair feeding three flues. The air, heated to a 
temperature of about i,ooo° C., enters by the sole flue 2, and 
meets the gas at the foot of the vertical flues. The heated 
waste products pass down 4, 5 and 6, to the sole flues i and 2, 
etc., thence through the corresponding regenerator to the 
chimney. The direction is then reversed. The reversing 
of the air current, therefore, affects only three flues at a time, 
the flues for the gases descending are almost as hot as the ascen- 
sion flues, and a uniform temperature is maintained throughout 
the length of the oven wall. 

The Collin oven is of the vertical flued type, with or without 
regenerators. The principal feature of this type of oven is 
the introduction of a series of flues with intersecting bond 
stones, which are hollow. In the case of the regenerative 
type, the flues thus formed serve two purposes : To lead off 
the waste gases after combustion in the vertical flues, and to 
conduct hot air from the generators to the gas from the upper 
distributing channels during another period of the coking 
process. The sectional area of these inner flues has been so 
arranged as to provide the correct proportions of gas and air. 

The temperature attained in coke ovens ranges as a rule 
from about 1,100^ to 1,300° C., v^ng in the different flues. 
In the Simon Carves oven, the air is heated in the recuperator 
to from 430° to 480° C., while the temperature in the various 
flues is distributed as follows : Top flue, 1,130° to 1,180° ; 
second flue, 1,260° to 1,278° ; third flue, 1,100° to 1,120° ; and 
the lowest side flue, 1,125° to 1,130°, while in the flues below the 
oven sole the temperature is from 1,540° to 1,565° C. From 
this t5T)e of oven the yield of coke is stated to be 77 per cent, 
when using Durham coal, 69 per cent in Accrington, and 52 
per cent in Staffordshire. The ammonia expressed in sulphate 
amounted to 1*25 per cent with North cotmtry coal, and about 
2 per cent with Staffordshire coal. The yield of tar varies 
from 3 4 otni with a specific gravity of 
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In the OttO“Hilgenstock ovens, in which Bunsen burners 
ire employed, the temperature rises as high as from 1,300° 
:o 1,400° C. 

The by-product ovens of the Coppee type yield a tar which 
s at least equal in value to the ordinary gas tar, though in 
contrast to this, the tar from the former contains much less 
creosote oil and hard pitch than anthracene oil, which is rather 
in advantage than otherwise. The ovens of the beehive type 
nodified by the use of external heat and recuperators working 
it a lower temperature than those just referred to, yield a 
lomewhat inferior tar ; the benzol containing very little 
)enzme, less naphtha, and much less anthracene. An interest- 
ng table given by Dr. Lunge, comparing the results obtained 
n the Semet-Solvay ovens and the beehive ovens at Syracuse, 
'l.Y., shows the comparative work carried out by these two 
ypes— 



Semet-Solvay 

Beehive. 

lumber of ovens . .... 

12 

12 

average time of coldng .... 

20 hours 

51 hours 

To. of furnaces discharged in 24 hours 

14*4 

5 'S 

/Oal coked in 24 hours .... 

71,688 kgs. 

27,760 kgs. 

/oke produced ...... 

57,699 kgs. 

17,527 kgs. 

lulphate of ammonia produced in 24 hours 

772 kgs. 

Nil 

?ar produced in 24 hours .... 

2,651 kgs. 

,, 

rield of coke, per cent .... 

8o*7 

63*3 

field of ammonia sulphate per cent 

ro 7 S 

Nil 

field of tar per cent ..... 

3*69 



Dr. Scheithauer also gives the following interesting comparison 
howing the difference between the coke oven tar and gas tar, 
n their yield of various products — 


Fractions. 

CoKB Oven Tar. 

Gas Tar. 

Dominion 

Coal. 

Westpha- 
lian Coal. 


American. 


Good. 

Bad. 

ught Oil . 

% 

I '26 

% 

6-55 

% 

2‘S 

% 

I -65 

% 

6-X4 

nddle Oil 

1473 

10-54 

3-5 

10*66 

5-03 

leavy Oil 

7.07 

7*62 

25-0 

8*i8 

7-50 

mthracene Oil . 

21-38 

44-35 

lo-o 

14*05 

11-71 

^itch 

53-63 

30*35 

6o-o 

6i*i6 

68-25 

Vater 

I-S 2 • 

trace 

■ — 

1*8 1 

" 
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It is manifest from this brief review of the evolution of the 
modern coke oven, that the great value and necessity of 
securing as large a proportion of the volatile constituents of 
coal as possible has been very practically recognized. It is 
also admitted by most authorities that there still remain 
untouched possibilities in the direction of improvement, and 
in conserving and utilizing a larger proportion of the volatile 
gases given off during the attainment of the main object, 
namely, the manufacture of a good metallurgical coke. The 
very fact that such a diversity of practice exists even at the 
present time, and that one apparatus differs from another in 
certain important particulars, suggests that the most satisfac- 
tory and most profitable methods of obtaining, in fullest 
measure, those ultra-valuable products which coal has been 
shown to possess have not yet been fully developed. 

For instance, some considei'able period of experimentation 
elapsed before it was admitted that the vertical retort yielded 
superior results to the horizontal, that is, if the high tempera- 
tures now employed are essential to the end in view. This 
question of temperature is, after all, the most vital to be con- 
sidered, because it is fundamental, and we are apparently 
again at the parting of the w^ays thereon. 

Professor Lewes crystallizes the problem in a few words. 
He remarks : We make elaborate tables of the composition 
of gases and tars, produced at various distillation temperatures, 
but the only information that they give us is what is left unde- 
composed under unknown and varying conditions, the only 
certain factors being that the heat was nowhere above that 
which we are pleased to call the temperature of distillation.*' 

From the point of view, also, of the value of coke itself, 
the fact is coming to be recognized in Germany, asserts the 
same authority, that even for the heating of the furnace the 
coke made at extreme temperatures is not as good as when the 
heats were slightly lower. In America there is slight trend of 
opinion in the same direction, and Messrs. Parr and Olin and 
others have shown that by the carbonization of coal at rela- 
tively lower temperatures, a coke of good quality and strength 
may be obtained. Practice has, therefore, led towards this end : 
the dissociation of the non-volatile and volatile constituents 
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)f coal in such mannex' as will conserve these constituents 
n the largest proportions and in the highest qualities. 

American Practice. 

The results of American gas works and coke oven practice 
n connection with the recovery of tar, are referred to by 
/V, W. Odell. ^ Tar from inclined retorts does not differ widely 
n this respect from the product of horizontal retorts, the free 
arbon content being 12 to 20 per cent. Although it may 
)e said, in general, that these tars have much the same con- 
tituents, but in varying proportions, it is to be noted that the 
lorizontal-retort tar with a high specific gra\dty and high 
ree-carbon content, yields an appreciably greater percentage 
>f pitch and hydrocarbons having a high boiling point. Tar 
btained by carbonizing coal at low temperatures differs 
:onsiderably from ordinary retort tar in both chemical and 
)hysical properties, and is in some respects much like a mineral 
)il, although its acid content is very high. So far as the 
.uthors know, this kind of tar is not being produced coinmer- 
ially in large quantities, and is mentioned here merely to 
)oint out the effect of the temperature of carbonizing on the 
esulting tar. 

Differences between the various tars are in great measure 
Lue to the rate, duration, and completeness of heating of the 
:oal, the amount of exposure of the tarry vapours to hot brick 
ir coke surfaces, the temperature of these walls, and the ex- 
)osure of the vapour to the final temperatures reached in the 
oking chamber. All of these particulars are considered in the 
Lesign of chambers or retorts for coking coal. Euchene's 
ixperiments in carbonizing coal in horizontal retorts have 
hown that a large proportion of the tar produced comes over 
n the early stages of carbonization. His results, given in the 
ollowing table, were obtained when the final average tempera- 
ure in the carbonized fuel was 950° C. (1,724° F.). Considering 
he rate of decomposition of the coal to be proportional to the 
otals given in the table, the amounts decomposed from the 
irst to the last hour are approximately represented by the 
igures, 40, 30, 20, and ii. The tar produced is not proportional 

^ Preparation and Uses of Tar and its Simple Crude Derivatives, by W. W. 
)deU, U.S. Bureau of Mines. 


36 


LOW TEMPERATURE DISTILLATION 


to these figures, for the reason that during the later stages of 
carbonizing, the tar formed in the inner zone of coal has to 
pass through a zone of hot coke, where much of it is decom- 
posed. Thus one can see that the size and shape of the 
retort and the manner of removing the gas — ^which affect 
decomposition — affect the yield and quality of tar. 


TABLE I 

Tar, Water, and Gas Produced During Carbonization 


Products. 

1 First 

1 Hour, 

i 

Second 

Hour. 

Third 

Hour. 

Fourth 

Hour. 

Total. 

Gas .... 

17-3 i 

i6*6 

14*3 

9*5 

57'7 

Water .... 

12-3 1 

7*3 

2-9 

1*0 

23*5 

Tar .... 

lO-I 1 

5*3 

2*8 

•6 

18-8 

Total 

397 

2 g *3 

20-0 

i i‘i 

1 00-0 


The vertical, retort tar is thinner, has a lower specific gravity, 
and contains less free carbon, and more tar acids than the tar 
from horizontal retorts. 

By-product oven tar is less viscous, is lighter in weight — 
that is, has a lower specific gravity, contains more oils, less 
pitch and less free carbon than the tar from horizontal retorts, 
and is in some respects much like the tar from veilical i*etorts. 
Table 2 shows the relative properties of the various coal tars — 


TABLE II 

Properties of Coal Tars 


Properties, 


Specific gravity 
Viscosity 

^Free Carbon (insoluble in 
l^nzole), per cent . 
Distillate, per cent of volume 
on distilling to a medium 
grade of pitch 
Per cent of pitch by volume 
(medium pitch) plus losses 
Tar acids, per cent . 


Gas Works Coal Tar. 

Coke Oven 
Tars. 

Horizontal 

Retorts. 

Inclined 

Retorts. 

Vertical 

Retorts. 

1*20-1-25 

High 

I-I 0 -I -20 

Medium 

1*10-1*15 

Low 

I*I 7 -I *22 

Low 

18-30 

10-20 

0 * 4-5 

2-12 

20-30 

^ 25-35 

30-40 , 

25-35 

70-80 

1*6-3 

65-75 

3-5 

60-70 

7-8 

65-75 

0 - 4 - 2 -s 


wuiuu 15 a consiixuent ia varying quautitieb cl all tars is not mrp 
nnght lead one to think, but consists of complex relatively insoluble carbon 
compounds containing approximately 94 to 95 per cent of carbon. insoiuoie carton 



CHAPTER VI 

FUEL RESEARCH BOARD EXPERIMENTS 

EXPERIMENTS carried out by the Fuel Research Board deal 
vith the distillation of coal in vertical retorts, though the 
vork is of a preliminary nature and does not profess to provide 
L solution of the problem of the economic low temperature 
carbonization of coal.” 

The experiments commenced with Ellistown Main coal 
vith the combustion chamber temperatures between 800° and 
)oo° C. This, in view of latest developments, cannot be 
egarded as low temperature, and although what is known as 
ugh temperature is considerably above this, the character 
)f the products obtainable vary to a very small extent, as 
)etween the two descriptions of temperature mentioned. 

In the experiments referred to, the combustion chamber 
emperatures were gradually raised till at 950® C., the coke 
ontained about 9 per cent of total volatiles, and when burned 
n an open grate gave quite satisfactory results. 

With 2 per cent steam passing into the retorts, the following 
v^ere the approximate yields obtained with a through-put of 
;*I5 tons of coal per retort per day — 

YIELD PER TON OF COAL 

Coke ...... 14*2 cwt. 

Gas ...... 7,790 cu. ft. or 45 therms 

Tar 13*3 gall. 

Sulphate of ammonia . . .18*0 lb. 

After this the carbonizing temperature was raised to 1,100° C., 
ut though the coke made was stronger, it contained only 

per cent of total volatile matter, and was found to be unsuit- 
ble as fuel for use in open grates. 

At this stage it was decided to use for further experiments, 
Ellistown Main and Mitchell Main coals, a 50/50 mixture of 
.^hich had been found very suitable for the manufacture of 
oke cakes in the horizontal retorts. 
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The results obtained with this mixture were as follows — 


Assay. 

Gnus, per loo 
(Dry). 

Per ton of Coal 
(as charged). 

Coke ..... 

7. ''*5 5 

14*2 cwt. 

Gas ..... 

8*15 

3,270 cu. ft. 

Tar ..... 

11*25 

23*8 gall. 

Liquor ..... 

5*00 

24*6 gall. 

Sulphate of Ammonia (pure) 

99*95 

o*o8 

6*6 lb. 


Tar. The yield of dry tar obtained in each test is set 
nut below for comparison along with its specific gravity and 
distillation range- — 


Test No. 

I 


3 

4 

Steam, per cent .... 

Nil 

7*24 

13*47 

20*00 

Yield, gallons per ton 

12*72 

14*18 

15*22 

16*62 

Specific gravity at 15° C.. 

1*064 

1*062 

I *060 

1*068 

Calorific value, B.Th.U's. , 

16,790 

16,580 

16,630 

16,460 

Sulphur, per cent .... 

0*50 

0*35 

0*34 

0*20 

Distillation per cent by weight — 




To 170° C. .... 

7*0 

7*2 

6*9 

6*2 

170-230° C. 

M '5 

14*9 i 

15*9 

14*1 

^30-270° C 1 

15*3 

L 5 *i 

14*2 

13*4 

27o-3io°C. . . . . ! 

11*7 

12*2 

12*6 

i 11*7 

Pitch ...... 

51*4 

50*4 

49-8 

, 54*5 

Loss ...... 

0*1 

0*2 

0*6 

0*T 


The differences observable from the above distillation were 
very slight, so that only two of the tars were selected for further 
examination. The two selected were the extremes, Tests 
I and 4, and as the yield of tar had been increased by steaming 
from 1272 galls, to i6'62 gaUs. or 30-6 per cent, it was expected 
that a more detailed examination would indicate some real 
differences. For the purpose of comparison the results given 
by a low temperature horizontal retort tar made from the same 
coal mixture are included in some of the tables. 

The fractions obtained from tars i and 4 were specially 
examined, as follows — 

The specific gravity of each was determined, and the amounts 
removable by refining with sulphuric acid and caustic soda. 
The boiling ranges of the refined fractions were then determined, 
and also those of the separated and washed tar acids. The 
fractions obtained from Test i tar were slightly higher in 
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,p.gr. than those from Test 4 tar, but those in turn were slightly 
ligher than horizontal retort tar fractions. 

The purifications of the fractions shows only small differ- 
inces and these can best be followed from the tabulated results, 
these are shown in the table with a comparison of the distilla- 
ion ranges and sp.gr.'s of the crude fractions. 

The boiling ranges of the refined fractions are also shown 
:omparatively, and the main differences found are shown 
)elow — 

1. The light spirit from the 20 per cent steam test is slightly 
leavier. 

2. The oil from the 20 per cent steam tar is slightly lighter 
n the case of all fractions. 

3. The corresponding fractions from low temperature 
lorizontal retort tar are in every case lighter. In fraction 
5, the rate of distillation is slower up to 220° C., but much 
ligher from 220° C. to 270° C. 

The separated tar acids from each fraction were mixed 
)roportionately, washed, and distilled. The distillation ranges 
ire given in the table. The two vertical retort tars give very 
imilar results, and both contain a higher proportion of low 
)oiling point tar acids than the horizontal tar. 

The yield of all these crude and refined fractions have been 
;alculated per ton of mixed coal. The high yield of pitch from 
he 20 per cent steam test is noticeable. 

In previous experiments carried out by the Fuel Research 
Board on different descriptions of coal, although at higher 
emperatures than those now obtaining in low temperature 
iractice, it was found that the absolute gain of tar per ton of 
oal carbonized with 20 per cent of steam were for the York- 
hire coal 341b. and the Scottish 40 lb., and of sulphate of 
mmonia 6 lb. and ii lb. respectively. 

The Board has conducted a considerable number of tests 
nd experiments and the above is included as illustrating the 
lature of the work engaged in. It should be pointed out, 
-owever, that the temperatures generally employed at the 
board’s station are not those from which the best results, as 
ar as quantity and quality of the oil is concerned, may be 
btained. 
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One important point is emphasized in the details given, 
namely, the increase in the yields of tar and the reduction of 
sulphur contents by the use of steam in distillation. On the 
other hand, the high temperatures employed were responsible 
for an excess of irreducible gas. 

It is remarkable, indeed, that the Fuel Research Board 
should adhere to the use of such high temperatures, in view 
not only of latest practice and the products most valuable to 
this country, but of the experience gained nearly 6o years ago. 

In a work by A. Gesner,^ published in 1865, we find the 
following record of the distillation of cannel coal, at both high 
and low temperatures — 


Temperature 
1,200® C. 

Coal gas, cu. ft. . . 7,450 

Tar oil, galls. , . . i8J 

Coke, lb. ... 1,200 


Temperature 
371® C.-426® C. 

Irreducible gas, cu. ft. . 1,400 
Crude oil, galls. . . 68 

Coke, lb. . . . 1,280 


The efficacy of really low temperature was thus, even at 
that early stage, clearly apparent, yet it is only within the last 
j^ear or so that these conditions have been recognized and 
idopted, at any rate, in connection with the distillation of 
:oal. 

The latest tests carried out by the Fuel Research Board 
vere in connection with a South Wales gas coal, selected from 
;wo seams of the Meiros Collieries, Llanharan. Admirably as 
;he work was done and interesting as are the results they do 
lot add anything to our previous knowledge. The temperature 
jmployed was so high that the principal product was gas, 
vith the result that the yield of oil was very small . The solid 
■esidue, in quantity, was approximately the same as in what 
s now known as “ low ” temperature. It is curious that the 
Board, in view of the great need of this country of an oil 
'Upply, does not devote some attention to the temperatures 
it which this could be secured. 


I Practical Treatise ojt Qoal, Petroleum, and other Distilled Oils. 


CHAPTER VII 

MODERN PRACTICE IN LOW TEMPERATURE DISTILLATION 

rHE carbonization of coal for the purpose of obtaining oil, 
hould be carried out at the lowest temperature possible, and 
L reasonable time should be allowed for the operation. Low 
emperature, slow heating and rapid removal of the volatile 
)roducts favour the formation of proper hydrocarbons, but 
ligh temperature, rapid heating and a longer exposure of the 
volatile products to high temperature, tend to form unwanted 
Lcid hydrocarbons, phenols, benzol, etc,, and to form irredu- 
:ible gases. The large variety of retorts now presented to the 
)ublic may be classified into two groups, viz. — 

[а) Retorts heated externally — either vertical or horizontal. If horizontal, 
he shell is rigid, with a spiral or paddle propelling the material — or the shell 
tself revolves. 

(б) Retorts with internal heating, either exclusively or combined with 
xternal heating. 

loRizoNTAL Retorts, such as — 

Direct Fired Chiswick or Del Monte \ 

Retort transformed into the Salerni ( 

Plauson Retort 
Gordon Multiple Retort 

Lamplough-Harper System 
Day 

Notary Retorts. 

Spence 

Fusion Corporation 
Randall 

,, (German) 

Nielsen 
Dr, Wlxite 
Maclaurin 
Parker 
Universal 

'"ertical. 

1. Day-Heller 

2. Hartman 

3. McDougall 

4. Ridge, 

5. Trent 

6. Wedge, etc. 

Exterior heating, subjecting the retort to direct fire, exposes 
he material to over-heating. To transmit to the fragments 


iireu 


Heated by steam jacket, 
internal superheated steam 


Externally directly fired 


Heated by superheated gas 
(steam) internally 


Metallurgical roasting furnace 
with internal heating, steam 
and gas 
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of coal and other material the proper heat to develop and 
expel the oil vapour, it is necessary to heat the exterior of the 
retort to a high temperature, which will immediately affect 
the nature of the oil products obtained. At one time, too 
relatively prolonged high temperatures were employed, and 
the formation of a large amount of irreducible gas was the 
result. Many systems designed on these lines are effective 
in the production of oil, but the character of the oil obtained 
is of the aromatic description, yielding phenols, anthracene, 
etc., none of which is capable of supplying the ever increasing 
demand for motor spirit, paraffin oil, etc. 

Recent practice has revealed the fact that temperatures 
must be kept as low as possible in order to secure the results 
desired. Formerly 500° C. was considered a reasonably low 
temperature, but it has now been demonstrated that oil can be 
distilled at 130® C,, and complete extraction obtained at from 
340° C. to 345° C., and that the oil produced is of aparafiinoid 
character, yielding light fractions of the benzene series. It has 
also been proved that approximately i gallon to i| gallons of 
oil are obtainable from i per cent of volatile matter in the coal. 

Superheated Steam. 

In view of the difficulty of transmitting low temperature 
heat through non-conductive materials, (coal, oil shale, etc., 
win not transmit an even temperature through more than 
2 in. from the source of heat), attention has naturally been 
directed to the possibility of carrying the heat into the retort 
so that a more intimate contact could be obtained with the 
material within it. A simple means of conveying heat into the 
interior of a retort is by means of hot gases, but superheated 
steam is now regarded as the best and most economical means. 
Steam has a high specific heat and consequently a small amount 
will carry a great number of heat units. Steam has already 
been tried long ago, and was used in the old Scotch vertical 
retort, being purposely directed on the spent shales for improv- 
ing the output of ammonia. The action of the superheated 
steam on the fresh shales in the upper region, improved the 
oil production. Some material hitherto yielding 90 to 100 
gallons of oil per ton, reached 100 to 120 gallons of an oil of 
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setter quality. There certainly can be no objection to the 
ise of steam with oil as the condensation and separation of 
:he water is nothing new. This method of using gas or steam 
;uperheated as a means of internal heating, is now being 
argely applied in various retorts, e,g. vertical retorts, the 
Jniversal retort, the Maclaurin, using gas only ; hoiizontal 
retorts, or revolving kiln, the Nielsen, the Piauson, the hori- 
zontal fixed retort with external heating and superheated 
;team introduced internally, the D. T. Day, the Lamplough- 
Tarper, and the Hartman. The Lamplough-Harper, although 
leated externally, does not allow direct contact of fire with 
he inner shell of the retort, which is surrounded by a steam 
acket through which the steam is superheated, thus securing 
iouble advantage. Among the directly-heated retorts are 
he rotary kiln or roaster, such as is used by the Fusion Cor- 
)oration, the Randall in America, and in Canada, and a German 
)atent operated similarly. The retorts with fixed shell, having 
crews or paddles to move the material, include the old Chis- 
vick or Del Monte, provided with agitating paddles and now 
mown as the Salerni which is being experimented with in 
"ranee, and the Gordon in America. The majority of these 
Lirectly-heated retorts, although some of them are ingeni- 
>usly arranged for a graduated temperature and the rapid 
limination by sections of the vapours produced, are unavoid- 
hly overheated, cause a certain amount of cracking and 
Levelop an undue quantity of irreducible gases. A few 
ttempts have been made in America to evolve a larger retort 
m the mechanical roasting furnace principle, claiming a 
hroughput of 200 tons or more a day, but the heating of such 
m enormous appliance must be difficult. Even the best 
lesign employing superheated steam internally ^in addition 
0 direct heating externally, produced the enormous quantity 
f 10,000 cubic feet of irreducible gases to the ton of shale 
reated. Much progress has been made recently, using 
emperature as low as 350° C., and extracting practically all 
he oil theoretically contained, but such results are only 
btained with the system and appliances using superheated 
as or steam internally, and such processes should be closely 
oUowed and carefully tried. One important point which has 
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e Gently been developed, is the great importance of a careful 
ondensation. Much depends on such condensation to 
nfluence the amount of saturated hydrocarbons obtained, 
nd to reduce the volume of gases. The Lamplough-Harper 
ondensing towers are very effective in this direction, but the 
Vliite system and the Plauson have to be carefully followed. 
Tie system of internal heating ^ith, or even without steam, 
3 the system to be followed. It is the '' Heat Exchanging 
System,'' and if a careful calculation is made of the fuel 
equired for the distillation of one ton of coal or oil shale, 
itc., it win be seen that hardly more than half the thermal 
inits of heat are required by using this system than would be 
equired for external heating. The idea that there is only 
ufficient irreducible gas to carry the retorting is erroneous, 
.nd there really ought to be very little of such gas. The real 
uel available for heating purposes is the spent shales, or coke, 
ither burned directly or through gas producers, and used to 
leat the gases or steam which are carrying heat into the retorts, 
sven with systems using apparently only gas as the heat carrier, 
here is always enough moisture in any coal or shale, some of 
hem being very rich in this respect. Such steam is introduced 
nto the system, which in reality works on superheated steam. 

Ilontinental Practice. 

The treatment of coal for oil on the Continent, that is, 
hiefly in Belgium, France and Germany, is practically limited 
o the collection of by-products from the manufacturing of 
ndustrial or metallurgical coke, and from the making of town 
^as. At the same time, there has recently been a move towards 
renting industrial coal by low temperature methods. 

These industries have greatly improved their methods, and 
arge quantities of oils and tar are now recovered. Unfortu- 
lately, the necessity of using high temperature for the obtaining 
)f metallurgical coke has the effect of producing only oils of 
he benzol and phenol series and a high proportion of tar. 
rhese products, although very valuable, are not of such 
^alue as the oils obtained by low-temperature carbonization. 
France and Germany have for a long period treated their 
arge deposits of lignites and shales with the object of obtaining 
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)ils. In France there now exists a serious move on a more 
extensive scale in this direction, and an authoritative Govern- 
nent Commission has been appointed to investigate the various 
ieposits of lignites and shales and the best methods of treating 
:hese according to their character and value. The Var Oil 
Company treating oil-shales and using a description of retort 
:he outcome of the company's expeximents, propose to work 
it a very low temperature, and, in an experimental plant, have 
produced excellent results. The company has also surmounted 
he difficulty of the tendency of the shales to stick and clog. 

For bituminous lignites and shales there are several new 
•etorts now being tried, but no definite reports are available. 

In Germany (in Saxon-Thuringia), the treatment of lignites 
or oil is an old-established industry, and, as a matter of fact, it 
s the only oil activity of that area. The method employed is that 
idopted in the modern coke oven system, and built in groups of 
iom ten to twenty ovens in blocks. The heating is done by 
)urning the irreducible gas produced in the flues of the oven 
vails and under the floor. The working is intermittent, each 
)ven taking about a lo ton charge, and the operation, including 
oading and off-loading, occupying from 2 to 2| hours. 

Great improvement has recently been achieved by the intro- 
luction of steam into the retorts, and the production of from 
:3 to 14 gallons of crude oil per ton has been increased to 
:8 gallons per ton. At the same time, the character of the 
)ils obtained has been greatly improved. This system, how- 
ever, although fairly successful and economical, is still working 
it a much too high a temperature, namely, about 500° C. 

The amorphic coke obtained is in one case used directly in 
he gas producers to provide steam for a large electric generating 
tation, while in another instance they are transforming their 
oke into very valuable briquettes of high calorific power. 

The latest records show that a dozen works treating about 
: million tons of lignite are producing 60,000 tons of oils and 
,000 tons of paraffin (Montan Wax), while the coke obtained 
5 of 12,500 B.T.U., from which briquettes of 14,000 B.T.U. 
re produced. 

Such treatment, so highly advantageous, is tending gradu- 
lly to replace the old German method of briquetting the raw 
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lignite direct, and it is a fact tliat such direct briquetting of 
raw lignite, although giving a very sohd and easily handled 
fuel, increases the calorific power to a very slight extent, while 
the dangerous operation of drying the hgnite before pressing 
involves a cost as high as the distillation. 

America. 

In America in 1915-16, Chas. Hoover, after elaborate experi- 
ments and research in connection with the laboratory of the 
Research Department of the Bureau of Mines, introduced the 
same treatment for lignite at Denver, Colorado, for conserving 
and collecting the by-products. The plant of 500 tons a day 
is of the Belgian coke oven type, with all the best improve- 
ments possible, each oven, unit or retort taking 10 tons of 
lignite, and the operation being completed in 2 to 2| hours. 

The lignites of Colorado are not of such a highly bituminous 
nature as those of Germany. The yield of oil is only 13 gallons 
of oil and tar per ton, and 10,000 cu. ft. of gas, owing to the 
far too high temperature at which the plant is operated. At 
the same time, the results are very satisfactory. The coke 
obtained is transformed into briquettes and ovoids, the latter 
known as carbonets, which are highly appreciated by the public 
for domestic purposes. 

The composition of these briquettes and ovoids is as follows — 


Moisture .... 
Volatile matter . 

Fixed carbon 

Ashes .... 

/o 

i ’34 

. . 7*60 

84-04 
7*02 


100-00 


Calorific power = 14,061 B.T.U. b==*====== 

A similar plant has now been erected in Canada, and the 
results are very satisfactory. 

It is certain that with the recent progress and the numerous 
developments in the apphances to be used, and chiefly by the 
comprehensive employment of superheated steam, as a heat- 
^ving agent, the treatment of ordinary bituminous coal, 
lignites, shales and generally any carbonaceous matter, wiU 
undoubtedly yield valuable quantities of oil, while the residue 
or coke will provide, by briquetting, a most valuable domestic 
and industrial fuel. 



CHAPTER VIII 

MODERN LOW TEMPERATURE PLANT 

Fee systems of distillation described in the following pages 
lave been selected as representative of those now available. 
Fhese instances embody the main principles on which every 
efficient retort is based. At the same time, they include modifi- 
cations in certain directions which differentiate these from 
)thers. 

The retorts not referred to below are mostly designed on 
similar lines to those given, though they may vary in some 
ninor particulars and devices. 

The details of the plants dealt with are drawn either from 
patent specifications or are based on statements supplied by 
he concerns exploiting the different systems. 

It should also be noted that the processes referred to are 
equally capable of treating coal, shale, lignite, peat, sawdust 
ind any other distillable material. Certain modifications of 
nethod and temperatux'e would necessaiily have to be made, 
Lccording to the material dealt with. 

fhe Caracristi System. 

Interest in this system has been aroused by the fact that an 
xperimental plant has been erected and operated at the Ford 
lotor Works in America. 

This system consists of a travelling cast iron plate conveyor, 
^hich is heated by shding over a bath of molten lead. The 
sad is kept at a temperature of 1,200° F. (649° C.). The coal 
5 pulverized before treatment and is supphed continuously 
0 the conveyor. The depth of coal on the latter is half an inch 
nd is carbonized by the heat from the molten lead. The 
olid low temperature fuel is delivered at the reverse end of 
he carbonizing chamber. The inventor claims that it is 
•ossible to carbonize coal by this method in five minutes, on 
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account of the greatly increased heat conductivity due to the 
use of molten lead in contact with the iron plates. 

It is interesting to note that a system with travelling 
carbonizing conveyor was introduced by Samuel Clegg, who 
was associated with Murdoch, both well-known pioneers of the 
gas industry at the beginning of the eighteenth century. The 
plates in this instance were, however, heated by direct firing. 



A large increase in output was claimed by adopting this method 
and a richer gas, but the system did not find favour among gas 
engineers. 

The Crozier Retort. 

This retort is of the continuous vertical type, with mechanical 
loading and off-loading. It is very similar to the Universal 
retort, subsequently described. 

The retort is constructed in cast iron sections bolted together, 
making a column about 20 ft. high and heated externally by 
a series of flues, which form several distinct zones of heat. 
Each zone is regulated by dampers, the flues being constructed 
within the fire-brick walls surroimding the cast iron column. 
In addition to these flues are tubes which cross the retort 
diagonally and form part of the system of flues for each 
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)articular zone. These tubes are for the purpose of supplying 
leat inside the retort in addition to that provided externally. 
Additional heat is also supplied by the introduction of steam 
.t low pressure, obtained from an ordinary steam boiler. The 
team enters the retort at various levels. 

The object of these arrangements is to create a succession 
)f zones of graduated temperatures, from the level of loading 
lown to the off-loading chamber. Combined with this pro- 
:edure is the extraction of vapours and gas produced at each 
)f the zones referred to, by a series of outlets, the different 
)roducts being conducted to a separate condenser. By this 
neans it is claimed that a certain amount of fractionation of 
he oils is obtained. 

With Burma shales, treated at the experimental plant at 
.Vembley, the reaction began at from ioo° to 150° C. when 
he first fractions began to come off. The bullc of the oil 
.ppeared to be produced at about 225° C., finishing about 400° C. 

The Day Retorting Plant. 

The essential features of this retort are, first, three slanting 
ubes, 15 in. diameter, 10 ft. long, containing screw con- 
veyors, which transport the shale crushed to i in. and 
mailer, from the bin in the upper part of the drawing to the 
)rick furnace ; and, second, a furnace containing two sets of 
;ix horizontal steel retorts, 10 in. in diameter and 12 ft. long, 
me above the other, and connected at alternate ends. Small 
;crew conveyors in the retort tubes convey the shale during 
ts distillation from the intake at the top to the discharge 
valve at the bottom, where the spent shale drops on to a 
xavelling grate. The hot-spent shale takes fire and bums 
n passing under the retort tubes, furnishing so rhuch heat 
is to necessitate jacketing the lower tubes. The jacket 
mperheats steam, part of which is turned into the distilling 
hale, and part heats the slanting feeding tubes. The 
vapours from the distillation go out counter-current to the 
ngoing shale and preheat it, and are cooled by them. This 
leat exchange greatly adds to the capacity of the plant, 
rhe vapours are condensed and separated from the permanent 
jases in the usual apparatus (Fig. 3). 


^LOADING 



MODERN LOW TEMPERATURE PLANT 51 

ay-Heller Process. 

process consists in subjecting a mass of fresh untreated 
n a closed chamber located outside a fmnace and 
d from the action of the heating medium thereof 
action of hot aeriform material constituting the sole 
■ medium for the chamber and composed solelv of 
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action of the furnace gases of combustion and the sole source 
of heat for the chamber being from within and provided by 
the gases from retort (Fig. 3a). 

The “Freeman ’’ Multiple Retort. 

The design of the " Freeman " multiple retort is based 
essentially on the fact that there is a number of definite and 
critical temperatures in the carbonization of coal, and the 
retort is divided accordingly into a number of stages or zones, 
each of which is kept at a definite temperature by means of 
special accurate automatic control mechanism. The coal 
passes in succession through the different stages, and remains 
long enough in each for the particular and definite reactions 
to take place, and for all the volatile products to be separated 
before passing in order to the next zone. 

Thus, the first stage is the removal of occluded gases and 
water, which, according to Mr. Freeman, commences at 212° F. 
(100° C.), and may go on until as high as 500° F. (260° C.). 
The next stage begins with most coals at about 450° F. (232'’ 
C.), continuing as high as about 650° F. (343° C.), and consists 
in the n^etamorphosis of the greater part of the coal substance 
into a partially soluble form. During this stage no oil, and 
very little gas comes off, which in fact cannot happen until the 
transformation is complete. There is no apparent change in 
the constitution of the coal, but Mr. Freeman states that the 
process can be followed by taking samples and determining 
the amounts of oil by extraction in a " Soxhlet ” apparatus. 

The third stage is about 250° F. higher than the second 
stage, and the distillation of the low temperature oil commences 
and finishes during this period, whilst also most of the gas is 
given off. The temperature is not as a rule, however, allowed 
to exceed a maximum of about 800“ F. (426° C.), and Mr. 
Freeman proposes to call this the critical temperature which 
differentiates low from high temperature carbonization. He 
is of the opinion that immediately above this temperature the 
carbonization assumes a different character, tar, pitches, 
naphthalenes, anthracenes, phenols, and similar substances 
being formed, together with an abundant evolution of free 
hydrogen, which are characteristic of high temperature 
carbonization. 



Fig. 4. — ^The Freeman Multiple Retort 
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As already stated, the Freeman ” multiple retort is designed 
so as to submit the coal in succession to these various critical 
temperatures, and is constructed in six stages, the last of 
which is a cooling zone to enable the residual low temperature 
fuel to be discharged into the air without difficulty. 

The retort and general plant at Willesden is illustrated in 
detail in the section drawing Fig. 4. The complete installation 
includes coal pulverizing, the conveying plant, one retort 
with a capacity of 10 tons of coal per day of 24 hours, an oil 
refining plant capable of handling 500 gallons of oil a day, 
a total gasification plant of 2j~5 tons solid fuel a day, a 
desulphurizing plant, and a briquetting and powdered fuel 
plant. The Freeman '' retort is also particularly applicable 
to the distillation of shale, torbanite, and similar material, 
and in fact was orginally designed for this purpose, and subse- 
quently adapted for the carbonization of coal and lignite 
at any required temperature, the installation at Willesden 
being designed to handle any of these fuels. 

The retort is of the vertical continuous type, having a height 
of about 37 ft. and a diameter of 5 ft. The coal, or other fuel, 
roughly pulverized so as to pass through a lo's mesh sieve is 
conveyed automatically into the hopper. (^), Fig. i, and is 
fed continuously through the feeding valve (B), actuated by 
means of an eccentric driven from the main drive, into the 
first chamber or zone, each of these chambers being marked 
C, These chambers are heated by producer gas which 
enters through the pipes shown, and by means of the 
'' Freeman"' automatic regulating mechanism — which will be 
described shortly — each chamber is maintained at a constant 
temperature. 

The pulverized fuel is stirred continually by means of slow 
moving ploughs or scrapers (LL) attached to the horizontal 
revolving plate {K), driven by a central vertical shaft. The 
fuel is in each of the chambers approximately 17 minutes, 
and is maintained at 350° F. for this time in the first chamber, 
whilst being kept in slow motion so as to expose every particle 
of the coal to the action of the heat. The occluded gases and 
practically all the moisture is driven off in this stage, the 
S^olatile products escaping through the pipe (D). When the 


MODERN LOW TEMPERATURE PLANT 


55 


oal has completed its travel round the chamber in 17 minutes, 

: falls through the chute (M) into the second chamber below, 
lere the temperature is maintained at 450-500° F., being, as 
>efore, stirred slowly and kept in this stage for 17 minutes. 
lere the remainder of the moisture is driven off through 
)ipe (D2), and the transformation of the coal substance takes 
)lace. In the third stage the temperature is 600° F., and a 
onsiderable amount of light oil is, given off, together with gas, 
he volatile products as before passing through the exit pipe 
D), Each of these exit pipes (D) is connected to a coal con- 
lensor {H), cooled with water. The condensed liquid products 
oUect in the receivers (C), and the gas passes on to the gas 
nain (F) connected to a gasometer. 

In the fourth stage the temperature is 650° F., and a consider- 
ible portion of oil and gas is evolved, whilst in the fifth stage 
he temperature is 750-800° F., the last of the oils being 
[riven off. The last stage is simply a cooling chamber, with 
L current of Cold air passing round the outside. The low 
emperature fuel, being, of course, in the pulverized condition, 
3 then discharged through the discharge pipe (0) into a truck, 
)T any convenient receptacle. The temperature of the residual 
uel passing through 0 varies from io6°-400° F., depending 
m the quality of coal and the speed of working, and the 
lesign of the cooling chamber prevents all danger of the fuel 
gniting when it comes into contact with the air. The method 
>f driving the retort will be clear from Fig. 4, consisting of 
vertical driving shaft, to which each of the revolving plates 
Lre attached, with horizontal gear wheels driven by motor, 
rhe power required is very small, being for this size of retort 
>nly about 5 h.p. An essential part of the “ Freeman '' retort 
5 the Freeman '' precision temperature regulator. 

This embodies an air lead or tube to the source of heat, a 
eparate regulator being connected independently to each 
hamber. This air lead terminates in an air bulb, which is placed 
lirectly in the heated chamber. The slightest change in the tem- 
)erature causes a corresponding expansion or contraction of 
he air inside the bulb. This bulb is in connection with a short 
:olumn of mercury contained in a glass tube at a slight 
ingle to the hori:?ontal, and the change in volume in the bulb 
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atises the mercury column to move accordingly, the mercury 
laking a contact with a point, the position of which can 
►e adjusted by the fine screw thread. Also in direct 
ommunication with the air lead from the air bulb is a 
olumn of oil contained in a vessel, in which a glass tube 
iips below the surface forming an oil seal, which also 
erves as a convenient indication to the attendant as to the 
hange of temperature in tlie chambers. The horizontal 
aercurj^ column is mounted on a trunnion, so that it 
an be rotated as required and brought, if necessary, almost 
ompletely horizontal, the smaller the angle to the horizontal 
he more sensitive being the instrument. A valve is fitted 
n the producer gas supply pipe to the chamber, operated 
ither by a compressed air piston, or a solenoid magnet, 
operated by a nitrogen tube switch, actuated by an 
lectro>magnet. This magnet is excited when the mercury 
:olumn makes contact with the point referred to. 

rhe Fusion Retort. 

The heat required for the treatment of the material is 
obtained from the combustion of gas from a Producer gas 
)lant, or from a hand-fired or mechanically operated fireplace, 
rhis chamber assures the complete combustion and for 
nixing of the gases. These healing gases then enter the 
leating chamber through a number of parts placed in the wall 
)etween these chambers. The parts are so placed and can be 
o regulated that the temperature at any part of the retort 
nay be controlled. The heating gases are admitted into the 
leating chamber at the discharge end of the retort, pass round 
he rotating tube, and leave the chamber at the feed end 
hrough a flue coupled to the chimney (Fig. 5). 

The retort tube is set horizontally in the heating chamber, 
ind is driven by means of spur gearing from any suitable 
ource of power. At the feed end of the retort is mounted the 
Lutomatic feeder which is driven direct from the retort. This 
eeder is so arranged that whilst it is working the quantity of 
naterial being fed to the retort may be varied. In the retort 
ube are placed breakers (Fig. 6), which may be in one or more 
engths, usually not less than five, and they may have three, or 
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iiore, points or blades. These breakers are not driven by any 
ixternal or internal means and are not fixed in any way, but 
ire placed loosely in the retort, so that as the retort tube 
■otates the breakers keep falling over and over, and in so doing 
five a hammer or chipping action. They thus prevent the 
)irth or growth of scale on the walls of the retort and break 
lown lumps of material which would otherwise form. It will 
)e appreciated that owing to the fact that all materials rich 
n oil pass through. a caking or plastic state, any form of 
icraper, such as a worm driven by a shaft, or paddles driven 
)y a shaft or the like, would be useless, as they would not 
)revent the birth or growth of scale on the retort or on the 
vorm or paddle themselves. Owing to the fact that the edges 
)f the breakers, or the edges of the blades of the breakers, fall 
)n to the bed of material being treated, the retort is practically 
ilent in action and the wear and tear is negligible. 

At the discharge end of the retort tube is placed a stationary 
hamber, usually of cast iron, which acts as a receiver for the 
esidue or the material after treatment. The connection to 
he condensers is also coupled to this end chamber through 
vhich pass off the gas and oil vapours. 

The residue, or material after treatment, passes out of the 
etort through the automatic discharge valve. This automatic 
lischarge valve is so arranged that the moving metal parts 
Lo not come into direct contact with the stationary metal 
)arts, so reducing wear and tear to a minimum. The valve 
3 so arranged that it will discharge exactly the quantity of 
aaterial it receives. The oil condensers may be either 
itmospheric or water-cooled, or a combination of both. 

The bituminous material under treatment should be pre- 
sented from attaching itself to the sides of the retort, and also 
rom caking together to form lumps. 

In the Fusion retort there are breakers which keep 
he tube clean and clear from scale and break up any lumps 
i^hich tend to form. 

In most cases oil commences to come off at slightly above 
50° C. and continues to come off up to temperatures varying 
otween 400® C. and 600° C. according to the material and 
rethod of treatment. To prevent the destmction of the 
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ghter oils it is essential that the temperatures should be 
radually and uniformly increased. 

The material enters the tube at atmospheric temperature and is 
radually heated as it travels fonvard and the forward movement 
ato and through the higher temperatures is regular and uniform. 

In order to secure a maximum recovery of the oils, and to 
prevent their partial destruction, it is essential that the 
naterial while subjected to a steadily increasing temperature 
hould also be kept under constant agitation. Scale or crust 
>n the walls of the retort will cause local overheating. 

A gradually increasing temperature is ensured by the forward 
)assage of the material under rotation and agitation, and scaling 
Lud caking are prevented by the action of the breakers. The 
vhole operation is mechanical, so that poking is unnecessary. 

If the heat has to pass through one part of the material in 
>rder to reach another part, the outside temperatures will be 
ligher than those within, with the result that either the out- 
ide temperatures are too high and destruction of oil takes 
dace, or the inside temperatures are too low and some of the 
)il is not extracted. 

The thickness of the material being treated in any part of 
he retort is not more than a few inches, and the material is 
o constantly changing its position that that which is farthest 
Lway from the retort wall at one moment is in contact with the 
vail at the next moment. 

The whole of the material mined ought to be utilized, and 
t ought not to be necessary to reject the '' fines/" 

The whole of the material as mined is passed into the feeding 
hamber, and the breaker in the retort reduces the coarser 
)arts to a fine condition. It is in fact wasteful to subject any 
)ut fine material to the action of heat since the total of free 
urface from which the oil can distil is greater in the case 
)f a number of particles than in that of a lump of equivalent 
veight. In other words the rate of distillation varies with the 
trea of surface exposed. Much lower maximum temperatures 
or a given recovery of oil can be employed when the material 
s crushed fine before retorting. 

The adaptation of methods and conditions of retorting to 
jach particular material is a point the importance of which 
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has frequently been lost sight of, with the result that many 
valuable retortahle materials have been condemned. Adapt- 
ability is therefore to be regarded as one of the essential features 
of any modern retort. 

The '' Fusion '' retort can readily be adjusted to the require- 
ments of various retortable materials by altering the heat of 
the furnace, the speed of rotation, the speed of the automatic 
air-tight feed valve, and the weight and shape of the breakers. 

To summarize briefly the outstanding points of the system. 
It is capable of utilizing the whole of the material mined ; of 
extracting the maximum quantity of oil at minimum tempera- 
tures ; and it ensures the preservation of the lighter oils. On 
the economic side, the system effects a reduction of refining 
costs and of loss on refining, and the preservation of the more 
valuable finished products, with the minimum of supervision 
and labour. Continuous and automatic feed of raw material 
and discharge of spent material are also features of importance, 
while adjustment of the retort to the nature of various retort- 
able materials is also readily effected. The erection of the 
plant is simple, repairs are easily carried out and the first cost 
of construction is low, a large part of the ironwork and the 
whole of the brickwork can be obtained from some local 
source, and as additional is not required the usual boiler 
and superheater are eliminated. 

A few of the interesting figures obtained are given below. 
In all cases the figures are based on the “ wet ton, that is 
on the raw material in the state in which it was delivered to 
our testing station. If the figures of oil yield were based on 
the dry ton (which is the usual, but misleading, method 
adopted for expressing the yield obtained) they would be 
considerably higher than stated. 

The specific gravity given is that of all the oils produced 
mixed together at the end of the test. 

The table (shown on page 62) gives the results of tests 
carried out on various descriptions of materials. 

The Gordon Retort. 

In the Gordon retort, illustrated in Fig. 7, the material is 
broken up into pieces that would readily sieve through one 
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uarter mesli (wood only need be hogged), and is dumped 
ito the hopper. It then passes through a preheating chamber 
»^hich dries the material. The dried material then passes 
rom this preheating chamber to a hopper from which it is 
onveyed by an auger-like conveyor to the first retort. This 
etort is heated to a fixed low temperature which will volatilize 
11 of the light family of products. In it revolves a spiral conveyor 
letween the blades of which are attached scoops which agitate 
he material so that every particle receives equal heat and thus 
xpedites through volatilization. This conveyor revolves at 
. fixed speed and allows the material a certain length of time 
0 pass through this retort. At the end is another hopper 
hrough which the shale drops to a spiral conveyor which 


Results with the Fusion Retort (see pp. 55-59) 


Material treated 

Moisture 
in Raw 
Material % 

Gall, of 
oil (water 
free) per 
wet ton 

Specific 
Gravity 
of oil 

Cu. ft. of 
gas per 
wet ton 

south African Turbanite 


96 

0-9175 

1,770 

English Oil Shale .... 

12-58 

31*5 

1*016 

1,850 

Sawdust ^ . . . . . 

U-79 

17 

I-I274 

2,200 

[ndian Coal ..... 

10-92 

^3*8 

0-9592 

1,125 

Peat ...... 

28-65 

9 

1-051 

3,000 

English Coal Slack 

6-72 

i 6*4 

I-I22 

1,025 

English Cannel Coal 

: 1*54 

60 

0-912 

870 

Esthonian Shale . . . ' . 

4-18 

65 

0-9571 

1 T,340 

Brown Coal ..... 

27-0 

22*5 

I-T02 

1,300 

South African “ Duff ” Coal . 

1 

1 3*65 

14-6 

1-050 

1,570 

Nova Scotia Shale 

1 175 

Cl 

00 

d 

0-9871 

1,120 

English " Duff " Coal , 

1 2*3 

21-5 

1*120 

1,960 


1 In addition to the oil recovered there were 102 galls, of acid liquor of 1*26% acidity. 

fig:ures of OU Yields do not include the Light Spirit recovered from the permanent 
gases by stnppmg ” or ** gas washing.” * 
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)asses it along to the second retort. These intermediate con- 
’’eyors are of a 'relatively small diameter and therefore work 
it an increased speed. The action of the shale coming down 
rom the retort fills them to a capacity and thus makes an air 
,eal which prevents the heat and gas of the retorts from 
)assing back into the previous, or lower-heated retort. The 
naterial in this second retort is then subjected to a higher 
leat which drives off the medium family of products. As in 
lU the retorts, this vapour is conducted through vertical tubes 
it the top of a condenser. The vertical tubes have adjustable 
)affie plates which prevent the solid material, such as dust, 
rom passing through the tubes and into the condenser. The 
hale then passes from this retort through a similar hopper and 
L conveyor to the third retort where like treatment under still 
dgher heat drives off the heavy vapours. The residue then 
)asses out through a hopper and the spiral conveyor to another 
onveyor and there this residue is passed to bins or storage. 

As indicated before, the vapour driven off rides through 
he vertical tubes to the vaporizing chamber through the 
onveying tubes to a suitable condenser. There the vapour 
5 liquefied and is drained off. Part of the vapour driven off 
vill not condense and this gas is allowed to pass from the top 
if the condenser through pipes to a vacuum pump. The action 
if this vacuum pump not only draws the gas from the chamber 
)ut also tends to create a region of low pressure in all of the 
onveying tubes from the retorts and thus expedites the con- 
?'eying away of these vapours so that scorching and com- 
)ustion will be prevented. The gas from the vacuum pump 
5 delivered to a gas storage tank from which it passes through 
uitable pipes which connect with the exterior burners and heat 
he separate retorts. These gas pipes are all equipped with 
calves which allow the temperature in the retorts to be 
egulated. 

rhe Griffiths Retort. 

The Griffiths retort is of the horizontal rotary type of 
ather limited length, not exceeding 20 ft., and of small 
liameter, about 8 in. It is constructed of very thin material, 
0 that the heat may be rapidly distributed. The retort is 
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losed at both ends, and the charge is fed and withdrawn by 
neans of a small feeding screw. The temperature is regu- 
ated in such a way so that it gradually increases from the 
ceding point to the exit where a temperature of about 400° C. 
s reached. From beginning to end, this is rapid, the passage 
)f the material to the maximum-heated zone occupying only 
rom two to three minutes. The bottom of the retort is 
itted with a system of metal brushes, arranged in the form 
)f a spiral, round a fixed shaft, which revolves in the cylinder, 
50 that the material is in constant disturbance throughout its 
;)assage along the retort. These metallic brushes also clean 
he shell of the retort by friction, but, being made of very 
conductive metal, they absorb a good deal of the temperature 
md impart it to the retorting material at the same time as 
he stirring process is proceeding. This method assures the 
naterial being thoroughly heated, and as the whole process is 
carried out in so short a time, during which the charge is in 
contact with the maximum temperature, all volatile matter 
)f the oil constituents is entirely extracted and removed. 
Fhe nature of this oil is exceedingly light, and contains a 
arge proportion of motor spirit. A certain number of these 
retorts can be fitted together at each end and worked simul- 
raneously. It is understood that the moisture and light gas 
contained in the material used acts in such a way as to react 
vith the friction involved with the original maximum tem- 
perature referred to above. The irreducible gases obtained, 
ifter stripping the gas as weU as any inert gas or superheated 
steam, can be injected into the retort to assist the reaction. 

The essential claims of this invention are the small diameter 
of the retort, the rapid passage of the material through the 
critical maximum temperature, and the light specific gravity 
of the oil obtained, while the gas evolved appears to be 
exceedingly small in quantity. The working of the retort is 
entirely automatic (Fig. 8). 

The Hartman Process. 

The inventor of the Hartman process claims that his system 
is constructed along practical and scientific Hues, after con- 
siderable expenditure, experiments and a thorough testing of 



Fig. 8. — Griffiths Retort 

Above is general section of plant. On left, section of unloading appliance. On right, various systems of internal rotary brush. 
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different shales. The inventor states that there is no oil in shale 
as such, but it contains a fatty substance, which by the use of 
heat, is converted into petroleum. Now the first scientific 
point of the Hartman process is that after these fats are con- 
verted into petroleum, the vapours are immediately removed 
and taken off through the central tower, with a flow of steam 
rising from the two lower decks. 

By this operation the immediate taking of the gases and 
vapours to the condenser, the process is insured against 
re-distillation of the oil. 

The Hartman process is absolutely continuous in its opera- 
tions and is controlled by pyrometers, and a thermostat 
system which in turn controls the burners, so that the retort 
is held within 20° of the required temperatures. 

The coal or shale is fed in to the crushers, from the crushers 
it passes down a chute to the upper trap, which trap has 
automatic feed control, passing the shale automatically into 
the retort and does not allow the escape of gases or vapours 
nor does it allow air to get into the retort (Fig. 9). 

After the shale passes through this trap, it is dropped upon a 
deck which is circular. On this first deck, which we will call 
number i, the shale is moved around the inside circumference 
of the retort, which is 7 ft. in diameter, causing the shale to 
travel at its extreme point 21 ft. This shale is moved by a 
circular agitator which acts as a conveyor, and which is raised 
I in. to in. above the floor (the floor meaning the table or 
deck), which holds the shale in its proper place. The con- 
veyor moves the shale around the deck in the retort inside 
to an opening in the floor just 12° back where it receives 
the shale. On passing around the first deck the shale is 
pre-heated and then dropped to the second floor. The 
operation is repeated on the second floor. 

In making the circuit of this deck the shale begins to release 
the water it contains in the form of steam. The mineral 
then drops through the floor of the second deck to the third. 

Practically all the water the shale contains is thrown off 
on the third deck, in the form of steam, and it then drops 
to the fourth deck. 

In passing around the fourth deck, the shale begins to be 



Fig. 9.— The Hartman Retort 

Loading. ( 8) Off loading. (C) Vapour to Condenser. (P) Masonry, (P) Steel Shell. 
(P.jR.) Baffle Plate and Rack. (S) Sht to Pass Coal. 
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destructively distilled and vapours start passing off, rising 
in the central tower with the steam released from the upper 
floors, the shale then drops to the fifth floor. 

On the fifth floor the temperature is 200^^ hotter than on the 
first floor, or about 680° F. 

A heavier destructive distillation takes place on this floor, 
and the lighter oils are removed in the operation. 

After passing to the sixth floor the heat is increased, the 
heavier vapours start coming off. After making the revolu- 
tion of the sixth floor the shale is passed to the seventh floor. 

The seventh floor reaches a temperature of 900° F. 

It is then passed to the eighth floor and after revolving the 
circumference of this floor, practically aU the heavy fats in the 
shale are distilled. 

Upon passing to the ninth floor a light spray of super- 
heated steam is directed on to the shale. This superheated 
steam increases the quantity of oil recovered, for the following 
reason. The hydrocarbon oils are composed of hydrogen gas 
and carbon vapours, roughly in the proportion of 15 hydrogen 
and 85 carbon. The shale itself contains more carbon than 
hydrogen, and when these proportions are considered and 
when the hydrogen which is in the shale has combined with 
its proper proportion of carbon, there is still some carbon 
left but not enough gas to take it up. When the superheated 
steam is turned into the retort it is disassociated into hydrogen 
gas and oxygen, and this hydrogen gas which comes from the 
steam combines with the carbon left uncombined in the shale, to 
make additional oil, while the oxygen creates a water gas which 
increases the fuel derived from the shale to a very great extent. 

The shale dropping to the tenth floor is subjected to a 
temperature of about 1,200"^. On this tenth floor it receives 
a very heavy spray of superheated steam, which destroys or 
explodes the hydrocarbons left in the shales up to this point, 
and causes the production of a large volume of gas. 

After revolving around the tenth floor the shale meets with a 
large opening in the floor, just behind where it passed from the 
ninth floor, and it drops into a chute and runs into the dis- 
charge trap which automatically discharges the spent shale 
from the retort. 
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The reason for the oil not being burnt or re-destructed, 
and the reason as per first question of why this retort manu- 
factures more oil from the same shales than any other retort 
is, says the inventor, that the shale is gradually heated, from 
the first to the tenth floors, ranging from 500^^ to 1,200° F. of 
heat. 

The retort is so constructed that in the centre of the circular 
chambers is a 3 ft. opening, where the vapours immediately 
they leave the shale at different temperatures, move into the 
central tower, and by the high speed of the superheated 
steam, especially the large volume rising from the lower 
floors, the gases and steam are immediately carried to 
the dome at the top of the retort and passed through the 
:ondensers. 

After passing through the condensers at high speed they are 
:arried into a large scrubber, which is a large high tank fiUed 
vith rdineral wools. The oil which is conveyed drops to the 
cottom in this tank and is drawn off on to its respective 
•eceptacles. The gases pass through the mineral wool to the 
ixtent of 10 or 12 ft. The vapours are mostly condensed and 
icrubbed, the oil falling back to the bottom, and the gases 
ising to the top are drawn with pressure back to the 
)urners, thus manufacturing the fuel for the heating of the 
etort. In further explanation of why the oil is not re-dis- 
illed in the Hartman retort (process No, 7) is that on all 
loors that the shale passes over, the temperature is from 50° 
0 100° hotter and, upon the destructive distillation beginning, 
he vapours leave the shale immediately and move to the 
entre, mixing with the steam from the lower portion, which 
team is 100° to 300° cooler than the respective places of 
lestructive distillation. 

The intake and exhaust traps are both operated from the 
ame gear box and the same proportionate speed. The speed 
f the agitators is one revolution every four minutes. The 
penings are set so that they drop approximately one cubic 
cot of shale between the partitions of the circular agitators, 
s they pass under the trap, which agitator has 24 compart- 
aents. 

Therefore, the upper trap dumps 24 times to each revolution 
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)f the main agitator, and is so arranged that the dropping from 
loor to floor is automatic. It is therefore impossible for 
his automatic feeding device to overload the retort or choke 
t ; the lower trap having a discharge capacity of one-third 
preater than the upper trap, insuring at all times the removal 
)f the spent shale. 

The retort is so constructed that all of the agitating con- 
veyors are carried ijin. above the decks or floors, allowing 
he shale to creep under them and cause the tolling of the 
hale, instead of a drag push. With this method 50 per cent 
)f friction is eliminated. 

As to the gearing, the gear drives one set and is gauged at 
j, 5 oo to I and can be driven by a 25 h.p. engine or motor. 

These agitating conveyors are all connected by a shaft, 
ind the entire weight is carried on heavy truss bearings 4 ft. 
)elow the fire box, and run on oil. The drive of the plant is 
)n the other end of this shaft above the dome, on top of the 
etort. 

The fundamental principle of this number seven retort is 
hat there is not a metal friction part or bearing inside to 
fet out of order or cause trouble. 

Condenser. This is the most important feature in obtaining 
L high-grade shale oil. The Hartman condenser has been 
vorked under actual tests and experiments to prove its effici- 
mcy and to fulfil the requirements for producing a high-grade 
)il. The vapours are precipitated by centrifugal force and 
ire then pushed through a specially designed condenser to 
he scrubber. 

In a large cooling chamber in which is placed 4 fans (4 ft. 
|. blades) which take the vapour from the rear and drives them 
\dth high pressure against a cold wall and on through the 
;ondenser. The centrifugal force is so arranged that by the 
ise of air valves any amount of suction can be obtained. 
This point is very important, first, because if there is any 
vacuum on the retort, it pulls the heat and dust and prevents 
he proper conversion from shale fats to petroleum, and at 
he same time if there is pressure on the retort, it induces the 
tracking and distillation of the oil. 

Therefore, it must be taken off at exactly the right pressure. 
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he oil as it leaves the retort being practically dead from the 
remendous heat necessary for distillation. The Hartman 
ondenser puts the life back into this oil with centrifugal 
^rce by taking air through the valves just behind the fan and 
fiixing it with the oil vapours. This restores the oil to a 
igh~grade petroleum, and therefore makes the refinery work 
^ery simple and easy. The point and feature of heating is 
hat we are carrying the shale around in the small space of 
’ ft. by 19 ft. and has to travel a distance of 180 ft., and the 
mall surface of this retort which requires heating reduces the 
rea to a very small proportion to the amount of shale it 
landles. There are approximately 6 tons of shale in the 
etort at one time which is continuously passing through 
very thirty minutes making, approximately, 12 tons per hour 
r 288 tons per day of 24 hours. 

The Hartman retort generates from a third to a half more 
;as than is required for its fuel and after once in operation no 
ither fuel is required other than its own production. 

The cost of labour is very light as the entire retort can be 
landled by a thermostat system, and as the retort is auto- 
aatic in its entirety a watchman near the retort is all that is 
lecessary. 

The automatic conveyors remove spent shales from the 
etorts and for carrying the shale to the crushers, and no 
nanual labour is required after it leaves the crushers. The 
etort does all the work automatically and, therefore, is very 
iconomical. In a great many of our shales deposits (American) 
L steam shovel is all that is required and by this method a great 
mount of labour which would otherwise be necessary is 
iliminated. , 

This means in open cut work that on the average shale oils 
hould be produced at a cost not to exceed 30 cents per barrel 
md where mining operations are necessary the oil should 
)e produced at a cost not to exceed 70 cents per barrel 
vith a battery of 40 to 20 units. Each retort constitutes 
L unit. 

In conclusion, the inventor asserts that with this retort 
)roperly set up, and with proper apparatus for handling, the 
:ost of open-cut mining and getting the shale to the crushers 
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lould not exceed and will not exceed, under proper manage- 
lent $0.25 per ton, while crushing, retorting, and overhead 
xpenses of the plant should not exceed $0.45 per ton. 

After careful consideration and investigation of the methods 
f handling shale oil, Mr. Hartman suggests that the most 
iractical method would be to attach to your retort a high 
iressure cracking process to produce gasoline, the residue 
leing used for fuel in the cracking plant, if necessary. 

The amount which comes off in the ammonia liquid, or water, 
.5 commonly called, is very easy to extract. There are many 
)y-products, but he would not recommend any corporation 
nstalling Hartman Process or any other process with any- 
hing but the plant required for ammonia sulphate and for 
tracking the oil into gasolene. 

The Lamplough-Harper Process* 

The essence of this process is to effect the carbonization of 
;he coal or oil shale at a low temperature, which can be easily 
regulated to remove the elements forming oils as quickly as 
possible from the retort, and to complete their combination 
md the formation of oil and saturated hydrocarbons in a 
special condenser appropriated for that purpose, and to com- 
plete the condensation of the light oils and naphtha in a final 
cool condensation tower. (Fig. 10.) 

In this process no gas is evolved — all the oil products are 
collected in the condensing towers ; there is no need of special 
appliances for stripping the gas — oil pumps, scrubbers, etc* 
The heavier oils are collected at the base of the first tower 
and the light oils or naphtha collected at the bottom of the 
second tower. 

The process is an improvement on a patent taken out as 
far back as 1914 for the treatment of coal and oil shales. 

It treats the coal, shale, or torbanite, etc., either in a 
vertical retort, if the material treated does not expand or 
stick during the process ; or in a horizontal retort with a 
pushing screw, if the material presents a disposition to swell 
or to become sticky. 

The through-put is capable of adjustment and so is the 
temperature. 
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The retort consists of ten metallic cylinders, i 8 in. internal 
diameter. The shell of each cylinder forms a steam jacket. 
The cylinders are provided with a metallic wormscrew, which 
moves the material through the whole 120 ft. of their length 
— ^in an opposite direction to the circulation of the applied heat. 



(£) Vapour Exit. (F) Discharge. (G) Gas burners. 

(jfif) Loading. (F) Retorts. (TT') Steam coil. 

The cylinders are superimposed, and the material is intro- 
duced at the upper cylinder, and passes successively from one 
to the other till it reaches the bottom. Both the feeding and 
discharge are automatic, by means of an appropriate appli- 
ance, such as is generally used for such purposes and operated 
together automatically, so that the '' feed '' and '' discharge ** 
s3mchronize. 

0— (5112) 




74 


LOW TEMPERATURE DISTILLATION 


The retort is enclosed in a structure of fire-bricks and 
heated by gas obtained from a gas producer, using the 
residue of the retort after distillation. The necessary steam 
is generated in a pipe coil lodged at the base of the retort, 
the steam being conducted to the upper cylinder and let into 
the outside shell or steam jacket, passing from there into the 
successive cylinders, and finally reaching the bottom one, 
which is at the highest temperature, and getting properly 
superheated. It is then introduced into the retort itself, 
where it percolates through the masses of heated material, 
finally coming out of the retort at the last but one cylinder 
on the top, carrying away the oil vapours, hydrogen, and 
hydrocarbons developed. 

From the foregoing, it may be seen that the working of 
the retort is continuous, and once regulated as to the con- 
ditions of temperature, steam and feeding is perfectly auto- 
matic, and requires little attention. The retort fully loaded 
carries 3 tons of material — ^the time allowed for experi- 
mental treatment of oil shale or torbanite is from to 
2 hours ; therefore with the material remaining i| to 2 hours 
in the retort, the rate of progress required from the worm- 
screw is 80 ft. per hour, or, say, i ft. | in. per minute, giving 
a production of i| tons to 2 tons per hour, or a through-put 
in normal working of from 40 tons to 50 tons a day. 

The vapours with the current of steam, at a few pounds 
pressure, are carried out of the zone, where they originated, as 
soon as they are evolved, and no vapour or gas is ever 
submitted to a temperature superior to the one at which it has 
aeen generated, and consequently no deterioration or cracking 
Df oil elements is possible. 

The material treated passes through several preparatory 
mnes, and is kept continually on the move. The first action 
vhich takes place is of heat absorption. The shale or tor- 
^anite, which at this period is exothermic, gradually absorbs 
leat, and practically is restored to life. At this point, the 
naterial has progressed in the retort, and th^ necessary degree 
)f heat saturation is reached. This is the most critical part 
)f the treatment, and has to be reached very gradually, other- 
wise the shale or torbanite becomes violently exothermic, and 
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the excess of heat developed may destroy the unborn 
fractions. 

Such violent action is, however, prevented in the process, 
as the shale or torbanite, on reaching the exothermic state, 
has travelled into the zone of reduced temperature, ebullition 
of excess of heat is at once absorbed by the surrounding 
medium of steam, and the danger of any possible reaction is 
entirely averted. The shale or torbanite then distils pro- 
perly, and gives birth to the first fractions, the material 
passing gradually into successive zones of higher temperature, 
and successively gives off fractions in order of their specific 
gravity, until the hottest zone or lowest cylinder is reached, 
when the spent material, having given up its latest fraction, 
is passed through the automatic trap into the cooling chamber 
outside. 

The steam circulating in the steam jacket, round the 
cylinder, travels in the same direction as the material 
retorted ; it prevents any direct firing of the flames on the 
metallic shell of the retort and regulates evenly the tem- 
perature ; and when introduced into the retort, the steam 
finds its way through the material and coming into reaction 
takes place, hydrogen and hydrocarbon gases are evolved, 
and in their nascent state join up and form oil vapours and 
saturated hydrocarbons, which are rapidly removed with the 
steam out to the top of the retort and into the condensing 
Dr hydrogenerating tower. 

The process followed in these condensing towers is of great 
simplicity and efficiency ; the first tower is kept hot : it has 
the temperature of the steam and vapour issuing from the 
retort. This mixture of vapour issuing from the retort, with 
ibout 5 lb. pressure, is introduced at the base of the tower, 
md is forced through a succession of finely perforated circular 
jcreens, which realize a perfect contact between the various 
dements — oil vapours, hydrocarbons, hydrogen, unsaturated 
lydrocarbons, completing the saturation of the latter, the 
leavy oils condensing and dripping along the screens absorb 
:hese various elements as they combine, and the result is 
:he complete condensation of all the volatile products of 
iistillation elements, oil vapours, hydrocarbons, hydrogen, 
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Tinsaturated hydrocarbons, completing the saturation of 
the latter, and achieving the work partially done in the 
retort. 

The heavier oils condense in this tower, dropping along the 
diaphragms, scrubbing and absorbing gases and vapours 
which percolate through the perforated plates of the 
diaphragms. 

The lighter vapours from the dome of this tower pass into 
the second tower, which is formed of two parts : the upper 
part through which pass the vapours coming from the hot 
tower is a circulating water-cooler, where the vapours are 
completely cooled; and condense and settle in the lower 
part, which is formed of a series of concentric compartments 
from the periphery to the centre. Once the vapours arrive 
at the centre there only remain uncondensed a trace of gases, 
a little sulphuretted hydrogen (if there is any sulphur in the 
material treated), and air from the water used. The naphtha 
collected in this tower contains the lightest material — ^with 
torbanite, it contained 8*6 galls, to the ton of motor spirit. 

The water required for steam is about 75 galls, per ton of 
torbanite, yielding 150 galls, of oil per ton. The quantity 
required has to be regulated according to the action in the 
retort of the material treated, and the amount of steam 
required to operate and regulate the action of the shale or 
torbanite when it passes through the exothermic period. 
The heat evolved at this period is nearly regular, and increases 
in ratio with the amount of volatile matter contained in the 
material treated. 

The steam used condenses completely in the two towers 
and separates from the oil, and can be used over and over 
again. A small addition is required from time to time to 
meet the unavoidable loss in handling the water. The coil, 
or tubular boiler on a small scale, lodged at the basis of the 
retort, is fed by a special duplex pump, with variable stroke. 
The volume of water supplied can be altered without stopping 
the pump, and thus enables one to regulate with precision 
the amount of steam in circulation by the amount of water 
sent into it. 

The later treatment of the oils received is carried out on 
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the usual lines, but the separation of the lighter products 
may be advantageous in view of this subsequent treatment. 

“ Low Temperature ” Process. 

{Lotv Temperature Carbonizatioti) 

This process is effected in the Parker \^ertical Retort as 
illustrated in the Plate (Fig, ii). 

The Retort consists of iz tubes cast en bloc, approximately 
9 ft. in length and an average of 3 in. diameter. The Retort 
is shown in the front elevation and end elevation marked 
A.” 

The Combustion Chamber is shown in section at the left- 
hand end of the front elevation between two retorts, the 
burners being in the cavities at the bottom of these com- 
bustion chambers. The burners are fed with gas produced 
from the carbonizing of the coal in the retorts through the 
gas main “ G '' and led to the above mentioned burners, the 
products of combustion passing from the combustion chamber 
down all four sides of the retorts and out into the central 
flue '' 0 in the centre of the battery. 

These retorts are kept at an internal temperature of from 
550 to 600° C. Coal is drawn from an overhead bunker into 
the travelling coal skips H ” and fed through the top chamber 

B '' into the tubes of the retort proper. After carbonizing 
for four hours, the middle door N '' is opened and the 
'' Coalite ” dropped into the cooling chamber '' I '' where it 
is allowed to remain for a period of four hours to cool. After 
emptying the retort the middle door '' N "" is closed and the 
retort refilled with coal. After carbonizing for a further 
period of four hours, the cooling chamber door J is opened 
and the Coalite '' withdrawn, the door being once more 
shut and the middle door N '' opened again and the chamber 
refilled with Coalite '' from the retort, and this cycle of 
operations is carried out on every pair of retorts once every 
four hours. 

The capacity of each retort is from 5|- to 6 cwts. of coal per 
charge. 

The gas passes from the top chamber B through the 
gas off-take pipe C '' through a Cort '' valve D " into the 
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lydraulic main E ” where a considerable proportion of tar 
)il and ammonia liquor is condensed. The gas is withdrawn 
rom the hydraulic main through the rich gas main L 
md led away to the usual condenser and tar extractor by 
neans of an exhauster. It is subsequently treated in an 
)rdinary ammonium sulphate plant and passed on through a 
fas cooler to the benzol scrubbers where the benzol is stripped 
rom it and recovered in an ordinary benzol still. The gas 
hen passes on to a holder and if required for the public gas 
upply, it is put through purifiers. If required to be used 
)nly for heating the retorts it is returned without purification 
rom the holder to the gas main GP Should the whole 
)f the gas be sold for town purposes a gas producer is used 
or the purpose of supplying gas for heating the retorts. 

The tar oil and ammonia liquor condensed in the hydraulic 
nain passes off at the right-hand end of the hydrauhc main 
hrough the small pipe shown in the front elevation and is led 
)ff to a tank which also acts as the reservoir for the oils 
oUected in the gas condenser and the tar extractor. The 
ar oil is allowed to settle in this reservoir tank and separates 
)ut from the ammonia liquor by gravitation, the ammonia 
iquor being pumped from the top of the tank and the tar 
)il from the bottom. The tar oil as it leaves this reservoir 
isually contains not more than 3 per cent of water, and in 
hat condition can be taken direct to an oil distillation plant, 
vhilst the ammonia liquor is passed on to the ammonium 
;ulphate plant. 

The overall length of a battery, the size shown in the 
ketch, without chimney, is 52 ft., the width across the brick- 
vork 14 ft. 6 in., and the height to the runner rail of the 
ravelling coal skip 24 in. A battery of this size is capable 
)f carbonizing up to 60 tons of coal per day. If, however, the 
:oal contains a large percentage of moisture, the output of the 
mattery naturally is reduced proportionately. 

Results Obtaineb on Long Run 

At one of the plants of Low Temperature Carbonization, 
Ltd., a continuous run was made of 128 days without 
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intermission, and during this period the following results were 
obtained — 


Coal carbonized 
” Coalite " produced 
“ Coalite " crude oil 
Rich gas 


8,280 tons 
6,210 tons 
1721565 gallons 
38,502,000 cubic feet of 
S29 B.T.U. value 


This gave an average production per ton of coal carbonized 
as follows: '' Coalite/’ 15 cwt, ; “Coalite” crude oil, 20-9 
gallons ; and gas, 4,650 cubic feet. 

The gas was not passed through scrubbers for the purpose 
of stripping of its benzol. 

At the Barnsley plant of this company various blends of 
coal are employed from time to time, and below is given a 
distillation of '' Coalite ” crude oil obtained from a mixture 


of Hemsworth slack and gedling slack, which is producing 
17I gallons per ton of coal carbonized. The distillation shows 
that from this is obtained — 


Water .... 

‘ *52 

gallons “ 

3 /o 

Light naphthas 

. *52 

,, — 

0 O' 

3 /o 

Creosote 

. 1*63 

>j “ 


Metacresol and paracresol 

. 1*0 

,, == 

57% 

Heavy oil (Diesel) 

. 6-57 


0 i-O/ 

3o /o 

Crude anthracene . 

• 1*75 

M ~ 

10% 

Hard pitch . 

* 56 

Ih. = 

30% 


From the gas, by scrubbing with creosote oil, 2-| gallons of 
crude benzol were obtained. A subsequent distillation of this 
2^ gallons produces i'i5 gallons light motor spirit, and 1-15 
gallons of white spirit, this white spirit being particularly 
valuable for liquid metal polishes, dyers, cleaners, etc. 

In the '' Coalite ” crude oil there is no fraction, as a rule, 
suitable for using in oil lamps fed with a wick, but the creosote 
is entirely free from all traces of naphthalene, and therefore 
eminently suitable for use as a wash oil. 

There is practically speaking no orthocresol present, but a 
high percentage of metacresol is obtained, which is of the 
highest germicidal effect, and also a fair amount of paracresol, 
which, though not equal to metacresol in its germicidal 
qualities, is most serviceable as a non-poisonous disinfectant. 
The metacresol will be most useful for converting into lysol, 
and can undoubtedly be made equal to any lysol at present 
on the market. 
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With reference to the gas, the following is a fair average 
analysis, previous to stripping for benzol — 


,0 

Hydrogen ...... 22*8 

Unsaturated hydrocarbons . . .4*7 

Saturated hydrocarbons . . . 58*2 

Carbon monoxide . . . . • 5' 7 

Carbon dioxide , . . . .3*4 

Nitrogen ...... 4*4 

Oxygen ...... o*6 

Sulphuretted hydrogen . . . .0*2 


I00‘0 


Naturally, the analyses will vary with every kind of coal, 
but the foregoing naay be taken as a fair average, and is an 
analysis made by Professor Lewes from unpurified gas turned 
out by a '' Coalite ” plant in the South of England. 

The Maclaurin Process. 

This process differs in some respects from others, no external 
heating of the retort being employed, the coal being carbonized 
by the combustion of a small part of the coal charge in the 
retort itself. The retort is built on the principle of a very 
tall, narrow beehive coke oven, with the temperature under 
perfect control, and with the recovery of the whole of the 
valuable gaseous and volatile products, the choking of the 
draught caused by the installation of a recovery plant being 
compensated for by the addition of a mechanical forced 
draught air blast. The fire-brick retort (Fig. 12) resembles 
an elongated producer or small blast furnace, the overall 
height being 40 ft., and the width at the zone of maximum 
combustion, the widest portion, being about 8 ft. The coal 
is fed in at the top, and the retort possesses the advantage 
of the intermittent vertical gas retort of the use of gravity 
in causing the coal to travel downwards through the retort, 
and the consequent reduced amount of labour necessary. 
The residual fuel is extracted from the bottom by a special 
extractor without the use of water, and an air blast, supplied 
by a small blower, is admitted at the zone of maximum com- 
bustion, Part of the fuel is burnt in this portion of the retort, 
the maximum temperature with usual working being about 
1,290° F. (700° C.). The hot gases and volatile products pass 
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upwards through the descending fuel, so that there is 'a slow 
and gradual carbonization, increasing as the charge descends 
to the hottest zone. The total time of travel through the 
retort is 20 hours, the output being at the rate of nearly i ton 
per hour. The oils and volatile products driven off at each 
succeeding stage of the carbonization pass upwards into a 
cooler zone, and are condensed in the top layers of practically 
cold fuel, and the oils are trapped so that they cannot trickle 
back and pass off along with the gases through a horizontal 
outlet pipe near the top of the retort. It is found in practice 
that this slow and gradual carbonization avoids practically 
all trouble of sticking and jambing, except with very strongly 
coking coals. This retort is claimed to be particularly adapt- 
able both in the method of working, and in the variety of coals 
that can be carbonized. The air blast can be regulated accord- 
ing to the results required. Thus with a moderate blast, a 
dark-coloured, smokeless, easily-ignited, household fuel is 
produced with 20,000 cu. ft. of gas per ton, but with an increased 
blast and 30,000-40,000 cu. ft. of gas per ton, the residual 
fuel is a hard, silvery coke, suitable for metallurgical purposes. 
The process can also be changed easily to complete gasification. 
A great variety of fuels can be carbonized, non-coking as well 
as coking, and low grade and refuse fuels of the right size are 
stated to present httle difficulty, even with 50 per cent ash. 
The size of the coal carbonized can vary from small nuts to 
lumps Sin. to gin. cube, but it is not so satisfactory with 
dross and fine slack. As the heating islexternal, the total 
heat losses in the '' Maclaurin '' process are very small, con- 
sisting only of the radiation losses of the retort, the heat in 
the gases leaving the producer, and the hot residual fuel. 
The walls of the producer are, however, very thick, and the 
radiation losses are very small, whilst the gases do not leave 
the top of the retort at much more than 140^^ to 175"^ F. (60 
to 80° C.), which reduces the total heat losses to a minimum 
whilst also minimizing the subsequent, work required by the 
coolers and scrubbers. The following data represent a typical 
example of the results obtained with a coal containing 35 per 
cent of volatile matter and yf per cent of water. The original 
coal had a calorific value of 12,300 B.T.U.'s. 



MODERN LOW TEMPERATURE PLANT 


S3 


YIELD FROM i TON OF AVERAGE COAL 
(12,300 B.T.U. 35% Volatile) 

(1) 27,731 cu. ft, of gas at 247 B.T.U. per cubic foot 

(2) 15*6 gall, oil (dry) of 16,600 B.T.U. 

{3) 15 sulphate of ammonia; and 

(4) 10*96 cwt. of smokeless fuel, as follows — 

(а) 0*05 cwt. large coke (smokeless fuel), 13,600 B.T.U. 

(б) I *16 cwt. smithy char., 12,196 B.T.U. 

(c) .0*76 cwt. peas, 11,283 B.T.U. 

’{d) 0*99 cwt. breeze or dust, 9,203 B.T.U. 


For the production of smokeless household fuel the yield 
is usually 20,000 to 25,000 cu. ft. per ton of low grade power 
quality, say, 200 to 250 B.T.U.'s per cu. ft. The following is 
what may be termed a fair average composition of this quality 
of gas taken over a 24-hour run — 


CO2 (carbon dioxide) 
CnH2n (illuminants) 

CO (carbon monoxide) 
CH4 (methane) 

O., (oxygen) . 

Hg (hydrogen) 

N2 (nitrogen) . 

Heating value 


% 

. 6*2 

. Nil 
i6*o 
. 13-0 

0*6 
. i6*i 
. 48*1 

. 247 B.T.U. (gross) 


The entire absence of hydrocarbons other than methane is 
noticeable, and is due to the almost complete absence of 
cracking of the oils during the process of carbonization. 

Oil. The oil produced can be taken as 15-20 gallons to the 
ton, and remains the same with a given coal, irrespective of 
the method of working the air blast. The composition of the 
oil is quite different from the ordinary low temperature car- 
bonization oils, since it contains practically no light oils, due 
to the entire absence of cracking during carbonization, which 
is characteristic of externally fired retorts. The oil is, however, 
a true low temperature product in the sense that it has no 
uaphthalene or anthracene. It is characteristic as containing 
a large percentage of phenols, the lighter distillates containing 
50 per cent of cresols and xylenols. There is also a large 
proportion of high-boiling point 445*^ to 570"" F. (230° to 300"^ 
C.) phenols, whilst the distillate over 515° F. (270^ C.) contaiiis 
a considerable percentage of solid paraffins. The crude oil 
tias a heating value of about 16,000 to 17,000 B.T.U/s per lb., 
and is very satisfactory as a fuel oil, whilst portions can be 
used as Diesel ” oil, and also as lubricating oils. 
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Ammonia. The yield of ammonia when working the plant 
or hard coke is 24 lb. per ton, but for ordinary low tempera- 
:ure working the figure is, say, 10 to 20 lb. The ammoniacal 
iquors are free from ferrocyanides and sulphocyanides, but 
nntain di- and tri-hydroxy phenols dissolved out from the 
arge amounts of phenols in the tar. 

Smokeless Fuel. With a moderate blast for what may be 
ermed normal low temperature working, the residual smoke- 
ess fuel contains about 4 per cent of volatile matter. It is as 
lard as gasworks coke, but is black in colour and not grey like 
:oke, whilst it is much more easily ignited than gasworks 
:oke, forming, therefore, an ideal household fuel. 

It has been found to be very suitable for steam generation. 

In dealing with low grade fuels with this process, the 
esults shown in the Appendix were obtained. 

rhe “Nielsen” System. 

This invention relates to distilling or roasting plant and 
ipparatus which although capable of other application is 
nore particularly adapted for use in connection with methods 
)f medium or low temperature distillation or carbonization, 
n which a heating medium is employed which is brought 
nto direct contact with the material under treatment. 

In methods of low temperature distillation of this character 
t has been proposed to employ rotary retorts which are of 
imilax construction to the rotary kilns used in the cement 
ndustry, and the heating medium is usually constituted by 
ombustion gases obtained from an adjacent furnace. The 
mployment of rotary kilns of this character together with 
ombustion gases from an adjacent furnace results in a very 
arge amount of useful heat being lost by radiation and con- 
Luction to the atmosphere, the heat losses being particularly 
arge in that part of the retort where the temperature is 
dghest, that is to say, nearest the source of heat. 

In an externally heated retort for gas manufacture and other 
purposes it has been proposed to employ inner and outer 
yhnders mounted upon a hollow rotatable shaft which serves 
,s a passage for combustion gases from an external furnace, 
loth the hoUow rotatable shaft and the outer cylinder being 
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formed with helices on their exterior surfaces, the arrange- 
ment being such that when the hollow shaft is rotated the 
material undergoing treatment is carried through the inner 
cylinder to the outer cylinder, back through the outer cylinder to 
the inner cylinder and so on until the treatment is completed. 

According to the present invention a retort is employed 
:onstituted by two or more tubular members which are 
arranged around one another in a concentric or similar manner, 
:he material to be roasted or distilled being caused to pass 
continuously from one end to the other end of the retort 
between the two tubular members, and then conveyed in the 
opposite direction along the inside of the other tubular mem- 
ber, the distillation or carbonization being preferably effected 
Dy causing the heating medium to enter the retort through the 
nnermost of said tubular members through which it passes 
n direct contact with and in the opposite direction to the 
:ravel of the material under treatment, and thence into the 
)uter tubular member, from which it is led away, together 
vith the products of distillation, for example, by means of 
mitable offtake pipes or ducts, to a collector which in turn 
s connected up to a stationary dust separator and to a 
lydraulic main by means of a stufihng box. Owing to this 
irrangement it is stated that the usual drawbacks associated 
vith low temperature retorts are dispensed with and distilla- 
ion or carbonizing can be carried on at a rate which has 
leretofore not been possible. 

The heating medium is preferably constituted by producer 
^as which is withdrawn directly and without ignition or com- 
)ustion from an adjacent gas producer, and the so-called 
ensible or mechanical heat of the unignited producer gas is 
mployed in known manner to effect distillation or carboniza- 
ion by being brought into direct contact with the material 
a the retort. As these gases on leaving the producer hold a 
ensible heat of from 600 to 700*^ C., the waste heat available 
herefrom is sufficient to effect the low temperature distilla- 
ion or carbonization of the material within the retort, with 
he additional advantage that once they have given up their 
ensible heat in passing through the carbonization or dis- 
illation retort they are still recoverable from the volatile 
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products of distillation as an unimpaired fuel or power gas* 
(carbon monoxide), etc. If desired, the heating medium 
together with the volatile products of distillation can be 
removed from the retort at various points along the outer 
shell or casing thereof, and conducted to collectors or con- 
densers. The carbonaceous material to be treated prefer- 
ably enters the retort system through the outermost concentric 
tube or annulus and is carried forward, for example, by gravity 



Fig. 14. — Cross Section of Nielsen Retort 


due to the inclination and rotation of the retort to the far end 
thereof where it is picked up by suitable means such as fixed 
shovels, buckets or plates and conveyed to the inner tubular 
member which may be of conical configuration in longitudinal 
section, the side walls of the inner concentric member being 
also suitably inclined in the opposite direction to the outer 
member. The carbonaceous material within the inner con- 
centric conical tube is thus caused to travel in the opposite 
direction to that in which it is passed down the outer tubular 
member, and also in a contrary direction to the heating 
medium. As the carbonaceous material travels down the con- 
centric tubular members it passes through zones of gradually 
increasing temperature and the final stages of carboniza.tioA 
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r distillation take place in the inner annular tubular member, 
^-here the heating medium enters. 

The innermost tubular member may be fixed to the outer 
rember (or members) by means of plates and angle irons so 
hat the members form an integral whole. These plates may 
>e solid or perforated and they may be arranged in such a 
aanner that the annular space between the inner and outer 
ubular members is divided longitudinally into two or more 
ontinuous channels, or the plates may be short and staggered 
datively to one another so that the annular space between the 
ubular members is divided up into more or less screw-like 
hannels. 

It will be understood that the carbonaceous material con- 
ained in the channels which are so formed is carried by the 
otation of the retort to the upper regions thereof where the 
leating medium preferably travels and is brought in turn into 
ntimate contact therewith, the sensible heat of the heating 
nedium being thereby utilized in the most effective manner. 

As a further alternative a continuous helix or screw may be 
provided along the interior surface of the outer tubular member 
)r on the exterior surface of the inner tubular member, and 
ilso if desired along the interior of the inner tubular member so 
IS to secure a positive feed of the carbonaceous material from 
md to end of the retort. With such an arrangement the con- 
:entric tubular members may be cylindrical and a positive 
teed ensured by the relative rotation of the inner and outer 
tube. 

If found convenient, the inner retort tube may be provided 
with shelves stretching across the same in order to carry the 
:iarbonaceous material up to the crown of the tube, thereby 
promoting a still better contact with the heating medium. 
The carbonized material may be intermittently or continuously 
discharged into an annular collecting box fixed to the outer 
retort tube, from which box the carbonized material can be 
removed from time to time. 

The charging of the raw carbonaceous material can prefer- 
ably be effected intermittently through charging doors situated 
in the outer retort tube, and the retort supported by rollers 
and revolved or rotated by any well-known means, 
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In order that the invention may be clearly understood 
eference should be made to the accompanying drawing, which 
hows by way of example one embodiment of the invention 
ind in which Fig. 13 is a longitudinal section of the improved 
■etort and Fig. 14 is a cross section of part thereof. The gas 
ixtracting apparatus is shown in Fig. 15. 

Owing to this construction and arrangement of the parts 
)f the retort the heat usually lost by radiation from the hottest 
:one, that is to say the inner tubular member, is conserved 
ind made use of in the outer annulus by direct conduction to 
he carbonaceous material contained within the same. As, 
herefore, the outer surface of the retort, where the real heat 
osses by radiation to the atmosphere takes place, has only a 
rery moderate temperature the heat losses within the retort 
tself are very small, and the outer tubular member serves in 
act as a heat jacket for the inner tubular member. Further- 
nore, it will readily be understood that by employing a retort 
IS aforesaid containing as in the example given one inner 
ubular member, the overhall length of the retort is only one- 
lalf of that of a single retort with the same length of travel 
)f the carbonaceous material and consequently the radiation 
lurface through which heat losses can occur is greatly 
iiminished. 

rhe Plauson Process. 

This process claims to recover the products from car- 
bonaceous materials at a temperature below the boiling point 
)f the organic component parts, and below that of decom- 
bosition. It is stated that the driving off of the products 
:akes place by mechanical action instead of by distillation, 
buperheated steam or inert gas is sprayed through nozzles, 
benetrating the layers of material, and carrying off products 
laving a high boiling point. The temperature at which the 
brocess is worked is about 350° C. The details of the apparatus 
tre shown in Figs. 16 and 17. 

The vertical cyhnder is filled with material, e.g. oil shale 
n pieces from nut to fist size. About i to il- metres below 
he top there is a ring-shaped device in which a plurahty of 
lozzles are mounted like those used for steam turbines. These 



Fig, i6. — The Flauson Retort (Horizontal Tyre) 
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nozzles can be directed obliquely inward and are fed by a com- 
mon feed pipe. From these nozzles the steam will expand to 
a velocity of about 500 metres per second and thus act upon 
the material. The layer may be about 20 centimetres to 
about I metre, depending on the type of material used. The 
steam is removed through one or more rings of slits protected 
by wire netting, from which the steam is led off in suitable 
manner. The entrained material is collected as hereafter 
described. 

The material is preferably continuously fed to the vertical 
cylinder through the device shown, freed from the volatilizable 
material in the middle, and continuously removed by the 
worm through the outlet. The lower part of the cylinder 
between the ring of slits and the worm can be provided with 
a water jacket to cool the material from which the oil has 
been removed. This preheated water is preferably used 
for feeding the boiler. The velocity of the steam can 
be increased by employing a vacuum in the condensation 
space. 

The cylinder can be arranged in other positions than the 
vertical, e.g. Fig. 16 shows a horizontal cylinder, in which the 
material is continuously removed by the worm, A single 
large nozzle is provided, and the volatilizable material is 
removed with the steam at the outlet tube, after which it 
is suitable treated for condensation. The material is intro- 
duced through the device shown. Fig. 16 diagrammatically 
illustrates a complete installation. The boiler generates 
steam at a pressure of 15 to 20 atmospheres. This steam is 
passed through a non-return valve to the steam engine, pro- 
vided that there is no super-pressure in the compressor. If 
the latter is the case, the non-return valve closes automatic- 
ally. The high-pressure steam is passed through the super- 
heater to the cylinder space of the engine, in which it passes 
through the pipes in the usual manner. The dimensions of 
the steam engine are such that an exhaust of about 10 atmos- 
pheres super-pressure leaves the cylinder. This steam now 
passes through a pipe to a set of superheaters, in which it is 
heated to about 400° to 500"^, and then through a regulating 
valve to the nozzle in which it expands. In this way the 
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energy of the steam is largely converted into free kinetic 
energy and the steam flows at very high velocity laterally 
into the vessel on whose lid is provided a device which changes 


Fig, 17. — ^The Plauson Retort (Vertical Type) 



the direction of the steam current so that it flows through 
the material to he treated, e.g. oil shale. This device prefer- 
ably consists in a removable curved member so that fresh 
material can be charged into the cylinder in the simplest 
possible way. The exhaust passes from the cylinder and the 
greater part of the entrained oil collects in the space shown 
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and flows through the cooling pipe, which is cooled with water 
or a cooling fluid in the collecting vessel. The uncondensed 
steam with the fractions of lower boiler-point leaves the space 
through an expansion nozzle from which it again expands and 
passes into a separating vessel. This nozzle is preferably so 
arranged that w^hen the steam expands it is set in rotation in 
the direction of the arrows, so that a vortex movement is 
caused w'hich materially facilitates the separation of the oil. 
If necessary, suitable chemicals can be added in this vessel in 
order to separate out impurities. For example, sulphuretted 
hydrogen is removed by injecting a dilute solution of a lead 
salt. The condensed portions flow through the cooling pipe 
into the collecting vessel. Further, the steam passes through 
the pipes to a third superheater and then to the compressor 
through one of the valves. The steam is again compressed 
and preferably to a somewhat higher pressure than that pre- 
vailing in the boiler. The compressed vapour passes through 
one of the valves and then tlirough a valve before the super- 
heater or to another valve after the superheater, depending 
on the temperature ; the steam is passed again into the high- 
pressure pipe and again enters the cycle. Such a cycle saves 
a considerable amount of steam, since the same steam is used 
continually, while losses of steam by condensation are replaced 
from the boiler through the non-return valve. 

The Randall Retort. 

The Randall process is a rotary retort, not unhke a cement 
kiln (Fig. i8). If, as in cement-kiln practice, internal heating 
could be used, this retort would, says Dr. David T. Day, no 
doubt provide a very desirable method of oil-shale distillation. 
If internal heating is not used the rotary kiln loses its efficiency 
and presents serious mechanical and structural difficulties. 
The design of this retort is on similar lines to the Fusion, which 
followed it. The latter, however, includes a device for breaking 
the coal, etc. 

The Salerni Retort. 

In this design stirring or agitating devices are provided 
and located within a retort chamber which is preferably heated 
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externally, the said devices being so constructed and arranged 
that they serve primarily to stir or agitate the material either 
without propelling the same through the retort chamber or 
else only propelling the same through the retort chamber to 
an incidental extent and at a very slow speed, thus permitting 
the carbonaceous material to remain sufficiently long in the 
retort for the valuable volatile constituents to be yielded up. 
Owing to this arrangement the stirring devices, or the retort, 
can be rotated with the minimum expenditure of power at any 
suitable speed independently of the speed at which the material 
is fed through the retort chamber, so as effectually to stir the 
material within the retort and expose fresh surfaces to the 
action of the heating medium. The stirring devices may be 
constituted by a number of radial arms or blades disposed at 
suitable distances apart along the length of the retort chamber, 
the said arms being mounted upon a shaft which is rotated at 
any desired speed from any suitable source of power. The 
successive blades or series of blades can, if desired, be staggered 
or displaced relatively to one another, so as to present a star- 
like appearance in end view. Instead of rotating the stirring 
devices relatively to the retort, the stirring devices may be 
stationary and the retort may be of any well-known revolving 
type or rotary type, the retort gases being drawn off from one 
end of the retort. 

Fig. 19 shows the retort chamber, which in the example 
shown is composed of metal and located within a brick setting, 
the retort being heated externally by means of a gas furnace, 
which is arranged for the graduated heating of the retort 
throughout its length. The shaft is located centrally in the 
retort chamber and extends from end to end thereof, the shaft 
being adapted to be retorted from any suitable source of 
power. The stirring devices are disposed along the retort 
chamber and are mounted upon the shaft. The stirring 
devices are composed (as shown) of radial blades, and the 
several sets of radial blades are suitably placed apart from one 
another and held in position on square portions of the shaft 
by means of collars. The hopper leads to the retort chamber 
through which the material to be treated is fed, a rotary 
feed valve being provided which is driven at a suitable speed 
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from the rotating shaft by means of a cham and gear wheels. 
A baffle plate is disposed towards the outlet end of the retort 
chamber, the plate being adapted to maintain a suitable depth 
of material within the retort chamber, while the surplus spent 
material which has undergone treatment is adapted to be dis- 
charged through the opening between the upper part of the 
baffle plate and the top of the retort. The spent material dis- 
charged over the baffle plate falls through an outlet into a 
water seal. Outlet pipes are placed at suitable distances apart 
along the upper part of the retort chamber ; the volatile con- 
stituents yielded up by the heat treatment of the carbonaceous 
material being withdrawn at approximately the zones where 
they are given up through pipes into a common conduit from 
which the volatile gases are conducted to a condenser. In the 
example shown the radial arms are provided at their outer 
extremities with scraping devices which serve to remove any 
material which may tend to adhere to the inside of the retort 
chamber. In cases where it is desired to give a slight pro- 
pelling action to the material the scrapers may be suitably 
twisted or otherwise formed so as also to serve to propel the 
material at the periphery only of the retort. For example, 
the scrapers may be slightly inclined in a vertical plane as 
shown in sketch, and also if desired in a horizontal plane, as 
shown in Fig. 19. Owing to the fact that the propelling move- 
ment, when such is provided for, is applied only at the peri- 
phery of the mass of material undergoing treatment the for- 
ward thrust is relatively small and does not result in any 
substantial increase in the speed at which the material passes 
through the retort chamber. If desired, the retort may be 
slightly inclined from the inlet to the outlet end to facilitate 
the passage of material from one end of the retort to the other. 
In operation the material which is to undergo treatment is fed 
into the retort chamber through the feed valve until the retort 
is filled to the level of the top of the baffle plate. The stirring 
devices during their rotation tend to maintain the material 
at this level throughout the length of the retort chamber, 
and the material is thoroughly stirred or agitated. Once the 
retort has been filled to the level of the top of the baffle plate 
the rate of discharge of spent material over the top of the 
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baffle plate is regulated by the quantity fed into the retort 
chamber, as any additional material above this level will dis- 
charge itself automatically over the top of the baffle plate 
into the water seal. The charge of material can therefore be 
retained within the retort for any desired length of time and 
until the distillation is completely effected and agitated or 
stirred at the most effective speed during such treatment. 

The Spence Retort. 

This retort is fashioned after the well-known rotary lime or 
cement kiln, in that the body of same consists of a long steel 
cylinder, which is caused to rotate in an inclined position on 
trunnions. This cylinder or shell is provided with a suitable 
driving gear to cause it to rotate at a predetermined speed. 
The ends of the shell pass into stationary chambers through 
patented sealing devices which prevent the egress of oil vapours 
and the ingress of air. Provision is made to feed continu- 
cusly in ground shale through the upper stationary chamber 
and remove the spent ” shale through the lower one. During 
the passage of the shale through the retort it is subjected to 
predetermined and definite degrees of heat, so that the various 
volatile products are driven off from the shale as quickly 
as they are formed. In this manner, the ''light'’ hydro- 
:arbons do not come within the influence of higher temperatures 
:han those at which they are formed, so minimizing the 
quantity of fixed gas formed with consequent loss of oil. The 
/apours formed within the retort are exhausted through 
nitable air and water-cooled condensers as rapidly as they are 
ivolved. 

The fuel used to heat the retort is usually gas, part being 
he fixed gas evolved with the vapours and the balance pro- 
iuced directly from either raw or spent shale in a standard 
fas producer. The heat is applied in an indirect manner in 
hree bricked-in fire-boxes, so that the " live " flame never 
:omes in direct contact with the steel shell. However, pro- 
dsion is made in the construction of the retort so that practi- 
;ally the whole of same is under the influence of the heat, 
rhis special construction eliminates the otherwise lost heating 
urface at the sections where the driving gear and tyres are 
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placed. Further, provision is made in the retort to treat the 
shale during distillation with steam or other fluid to affect the 
vapour tension and reduce the temperature at which the oil 
vapours are formed. The effect of this can be readily seen in 
its influence on the quality and quantity of oil produced, the 
general wear and tear of the apparatus and fuel economy. 
The steam or other fluid is passed through the shale and not 
over ; reducing temperature 150° F. 

The shale is thoroughly agitated during its passage through 
the retort (Fig 20) so that all particles come in intimate con- 
tact with the heated shell. Pyrometer fire ends are arranged 
at a number of points within the retort so that the heat may be 
properly regulated to ensure best results. 

The distillation results were very satisfactory. The density 
of the crude oil obtained was about 30° B. {*875), and upon dis- 
tillation 75 per cent by volume up to 275^^ C. w^as obtained. 
This distillate on refining yielded a water-white oil of 47® B. 
(•7909). In another instance the crude was distilled to an end 
point of 210® C. for motor fuel and 42 per cent by volume was 
recovered of 56® B. (-7526). The gasolene is said to have with- 
stood the United States Navy tests for domestic aviation fuel 
with the exception of the first low boiling point. 

This retort is on similar lines to the Randall and the Fusion 
retorts. 

The Tozer Retort. 

The Tozer retort (Fig. 21) consists essentially of an annular 
retort capable of being heated internally and externally. The 
maximum thickness of fuel employed between two heated 
surfaces in actual practice would appear to be 4 in. The 
retort is made of cast iron set vertically. If a single annulus 
were employed, the cubic contents would be comparatively 
smah, but the inventor claims that by making use of radial 
cast iron finns it is possible to employ two or more concentric 
retorts, thus increasing the fuel capacity. It is claimed that 
the heat which is applied to the exterior and the interior faces 
is conducted along the cast iron radial ribs and spread concen- 
trically by means of the cast iron cylinders, so that although 
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the actual thickness of fuel between directly gas-heated surfaces 
may be 8 or 12 in., nevertheless, owing to the arrange- 
ment of metallic conductors, no portion of the fuel is more 
than 2 in. removed from an actual heating surface. By 
making the retort of slightly greater diame- 
ter at the discharge end, it is claimed that 
no difficulty is experienced, even with coals 
which swell excessively on coking, in getting 
a free discharge. The cylindrical shape em- 
ployed is mechanically strong, and those 
fuels which tend to expand on coking at the 
earlier stages of the process are restrained 
by the strong iron walls, with the result 
that the compression arising leads to the 
production of a hard coke, and the polished 
surface of the coke discharged from these 
retorts gives evidence in support of this 
contention. Owing to the fact that the 
expansion during coking is followed by a 
contraction, and even at the low temperature 
employed, namely, 400° to 500° C., this 
contraction period has already been entered 
into, there does not appear to be any 
tendency for the coke to hold up in the 
retort. It has been found that bituminous 
shales which expand when the volatile 
matter is driven off, do bind because the 
Tozer^ Retort expansion in this case is not followed by a 
(Sectional view) subsequent contraction. In the earlier stage 
of the development of the Tozer retort con- 
siderable weight was laid upon the advisability of working 
under a high vacuum, and a vacuum of 26 and 28 in. of mercury 
was freely mentioned. Those who have had experience of 
working any plant of considerable dimensions under such a 
high vacuum wiU realize the difficulties that would be involved 
in the constructions of joints which have to be frequently 
made and remade, and which are subjected to a temperature 
approaching a visible red heat. To this must be added the 
very considerable power that is involved in pumping away 
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4 ,aoo to 5,000 cu. ft. of gas per ton of fuel treated under such 
a high vacuum. 

That the use of a vacuum will result in the more rapid removal 
of the products of distillation from the hot zone is obvious, and 
the benefits that would arise from this in the case of high- 
temperature retorts is clearly very great, but it is not equdly 
obvious what great benefit can arise in a case where the gases 
cannot under any circumstances be subjected to a sufficient 
temperature to cause any appreciable amount of pyrogenetic 
decomposition. 

The Trent Process. 

This process, although adopting certain principles inherent 
in other systems, differs in the application of these. The rota- 
tion of the material is common to one or two other plants, 
but in the Trent, the hearth structure is used, through which 
the material passes from the top to the bottom. The move- 
ment is delayed in its progress in such a manner as to spread 
the material over a larger surface, and a conveyor is employed 
which is so constructed that instead of diffusing the material, 
it is compacted, while during this process, the heating effect 
is not much more than is necessary to counteract the colder 
temperature of the metal of the conveyor. 

The apparatus consists of a retort having suitable walls, 
mounted in any approved manner upon the base. Supported 
within the retort, upon an inner casing is a plurality of circular, 
double-walled, hollow, stationary hearths, which may be com- 
posed of metal, and each hearth has its upper and lower sur- 
faces disposed at an angle so as to merge at the inner termina- 
tion thereof in a circle, so that in section it shows as a point. 
Both the inner casing and the outer wall of the hearth are 
formed so as to provide flues on opposite sides of the retort 
(Fig. 22) for the passage of heating gases. Positioned within 
the flues is a plurahty of spaced baffles serving to deflect the 
heating gases and cause the gases to pass into the open por- 
tions of the hearth. It will be observed that the stationary 
hearths are hollow in formation so as to provide a passage for 
heating gases whereby the surfaces of said hearths are exposed 
to heat for the treatment of materials. The heating gases may 
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be introduced to the retort through a feed pipe which is pro- 
vided with branches, for introducing the heating gases to both 
the stationary and the rotary hearths. Rot ably mounted 
within the retort is a hollow column, seated within bearings 
at one end, and the structure is provided with sand seals at 
each end of the column for preventing the escape of the heating 
gases introduced therein. Carried by this column is a plurality 
of baffles adapted to deflect the heating gases so as to cause 
them always to pass in a circuitous path into the hoUow 
interiors of the rotary hearths, which are of substantially the 
same general arrangement as the stationary hearths, and are 
mounted on column. The rotary hearths are in form the 
reverse of the stationary hearths, the inclined upper and lower 
surfaces merging at their outer terminations, thus providing a 
passage for the material, between the rotary and stationary 
hearths, which are substantially equi-distant from one another 
at all points. The rotary hearths are hollow to provide 
passages for the incoming heating gases, the gases being also 
introduced into the interior of the stationary hearths through 
openings communicating with the gas flues. These gases are 
conveyed to the retort at the lower end thereof and travel 
upwardly through the retort in a direction counter-current to 
the path of the material introduced thereto, finally discharging 
through the flue discharge, providing in the retort regions of 
different temperatures. The rotary hearths may be rotated 
in any approved manner, as by mounting upon the lower end 
of the column a gear, which meshes with a worm for rotating 
the column, and in turn all the hearths rigidly connected thereto. 
The column at its upper end is connected with a feed pipe 
extending loosely through the connection having a suitable 
packing therein, and it is through this feed that material is 
introduced from a supply pipe by a pump or the like. The 
material to undergo treatment is introduced through the supply 
pipe into the passageways formed between the various station- 
ary and rotary hearths and progressively travels downwardly 
through the retort while being subjected to the heat of the 
^ases introduced through the gas feed. The material is first 
deposited upon the inner part of the surface of the uppermost 
rotating hearth, passing between the hearth and the upper 
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nner surface of the retort, which retort wall is furnished with 
rabbles, then around the point of the upper rotary hearth, 
ind then deposited upon the surface of the succeeding 
hationary hearth, travelling in this manner throughout its 
passage through the retort. To prevent, if desired, agglomera- 
tion of solid particles when a pulverized material is being 
treated, upon the bottom surface of each stationary hearth a 
plurality of hollow rabbles is placed, which serve to keep the 
moving material in a constant state of agitation and also to 
transmit heat thereto while the material is passing over the 
surface of a movable hearth. These hollow rabbles ma y be, 
if desired, in free communication with the interior of the 
hearths and derive heat from the heating gases flowing therein 
as indicated. To prevent agglomeration of the material 
while travelling over the surface of a succeeding stationary 
hearth, rabbles are provided attached to the lower surfaces 
of the rotary hearths, which constantly agitate these materials 
and also transmit heat thereto. The rabbles may be spaced 
varying distances from one another so as always to cause the 
material passing over the heartli to be moved in the passage- 
way, thereby preventing accumulations of the material between 
the rabbles on either hearth. These rabbles may be set at 
varying angles, and the position and number of rabbles depends 
upon operating conditions. The material when introduced is 
compelled to pass entirely through the retort, over the alternate 
stationary and rotary hearth surfaces, through the passage- 
ways, and as a result of the counter-current travel of the 
heating gases, the material is subjected to a progressively 
increasing temperature, which is highest at the point where the 
material is being discharged. With a view to separating and 
segregating the vapours of oils of different boiling points, an 
apparatus, shown in Fig. 23, is provided, in which independent 
vapour take-off pipes are connected to different parts of the 
retort, each pipe preferably leading to a separate point of 
collection and storage. Any number of these discharge pipes 
may be employed, and they may be disposed in any manner 
desired. It will be appreciated that the heated gases indirectly 
heat the material passing through the retort by conduction 
through the exposed surfaces of the movable and stationary 
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hearths. The material is in a state of movement and agita- 
tion when passing through the retort so that in the event of a 
material such as comminuted coal being treated, the residue 
is discharged from the retort by the elongated deflector attached 
to the lower stationary hearth, and is collected in the receiver 
in the form, if so desired, of finely divided carbonized particles 
which have not agglomerated or fused together. In practising 
the invention for the recovery of a maximum yield of light oils 



Fig. 23. — Arrangement for Separating 
THE Vapours in the Trent Retort. 


and other by-products from pulverized coal, the coal is intro- 
duced to the retort and subjected to a gas temperature of 
approximately 450"^ C. or less, which is sufficient to distil 
volatiles from the coal particles, and inasmuch as these coal 
particles are kept in a constant state of agitation the tempera- 
ture is not sufficiently high to cause a material agglomeration 
thereof. The degree of fineness of the material controls to a 
certain extent the temperature necessary and the time required 
to remove the volatiles. When coal ranging between 100 to 
200 mesh (i.e. capable of passing through a screen having 
from 100 to 200 meshes per sq. in.) is treated, the desired result 
can be obtained with a gas temperature not higher than 
approximately 450° C., with a treatment of approximately 
30 minutes. The applied heat or gas temperature being 
approximately 450*^ C., the temperature actually imparted to 
the material is approximately 350° C. By treating the coal 
while in a very fine state of division, under agitation and at a 
low temperature, a maximum quantity of light oils is recovered 
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from the coal with a minimum percentage of fired gases. This 
is possible only because of the low temperature treatment and 
the fineness of the material for reasons previously pointed out. 

The Universal Retort. 

This retort can be utilized for complete gasification or for 
the production of smokeless fuel. It could probably be 
adapted for the production of hard metallurgical coke. 

It is a vertical retort, and was originally designed for car- 
bonization at low or medium temperatures, with the object 
of producing gas distillates and coke (smokeless fuel) in 
varying ratios (Fig. 24). 

According to this figure, the apparatus consists of a vertical 
cast iron tube (a) slightly tapered, placed with its larger end 
downwards on a firebrick setting (6). The firebrick setting 
is so shaped as to constitute an extension of the bore of the 
tube for a further length equal to about one-third of the length 
of the tube. From the point where the tube joins the fire- 
brick setting an external firebrick casing (c) is built up around 
the tube (a) for nearly the whole of its length, and is so 
arranged as to leave an annular space {d) around the tube. 
Four or more gas burners {e) are arranged to project through 
the firebrick (c) towards the tube {a) for the purpose of heat- 
ing it externally. On the top (small end) of the tube is mounted 
an annular cast iron trunk (/), forming a collecting chamber, 
with its near side so cut away as to provide an opening into 
the tube. A pipe {g) is connected with this trunk to convey 
away the volatile and gaseous products, liquid and semi- 
solid products collected within the trunk (/) being prevented 
from falling back within the inner retort shaft. On the top 
of the trunk (/) is mounted a hopper (j) with a gas-tight lid 
{k) and a bottom valve (Z), which is operated by a lever {m) 
for the purpose of feeding the tube with the material to be 
treated. A platform (n) may be fixed around the hopper for 
convenience in charging. 

Beneath the firebrick setting at the lower end of the tube is 
fixed a horizontal cast iron box (0) of rectangular section, 
having a circular hole (j?) in its top side, of the same diameter 
as the hole formed by the firebrick setting with which it 
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coincides. At one end of the iron box (o), and in its bottom 
side is another hole {q) of about the same area as the first 
mentioned. 

Within the iron box is a hollow iron ram (r), coupled by 
rods or bolts to an iron block (s), and so arranged that a space 
(t) exists between the ram and the block. The block follows 
the ram in its movements to and fro in the iron box or 
casings. 

The ram is operated by a horizontal screw {u), which pro- 
jects through one end of the iron box and is driven by gear 
wheels {vw). The gear wheels are driven by a shaft, on which 
is mounted a fixed pulley {x) with a loose pulley on either side 
of it. These puUeys are driven by belts from any convenient 
source of power and are so arranged that normally one belt 
rotates one loose pulley in one direction while the other belt 
(which is crossed) rotates the other pulley in the opposite 
direction. A fork or guide is arranged to move the belt 
alternatively on to the fixed pulley at predetermined times 
thus giving a clockwise and cormter-clockwise motion to the 
gear wheels and therefore a reciprocating motion to the ram (r) 
within the box or casing. 

At each end of the box or casing (o) is fixed conveniently 
a trigger, the two triggers being coupled by rods and balance 
weights to the belt forks in such a manner that when the ram 
has travelled the required distance within the casing it operates 
one of these triggers, which in turn moves the other belt on 
to the fixed pulley and thus reverses the direction of the ram. 

The operation of the apparatus is as follows : A fire is first 
made at the bottom of the tube (a), and the gas burners (e) 
are lighted to heat up the tube externally. The material to 
be treated is then fed in through the hopper until the tube is 
full, and steam and air are admitted to the lower end of the 
tube by means of a pipe or pipes (y) as and when required. 
When the material is deemed to be sufficiently carbonized the 
ram is set in motion and continues travelling until the space 
between the ram and block is imderneath the hole in the top 
of the box or casing, and the material falls down into this 
space. At about the same time the ram is reversed in its 
direction by contact with one of the triggers before mentioned, 
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tnd pushes the material forward to the end of the box, where 
t falls out through the opening {q) in the bottom of the box. 
Che ram is again reversed, and the complete operation is 
epeated as long as desired. 

As the material passes down the tube and is ejected by the 
■am, fresh material may be added through the hopper {j) to 
zeep the tube filled, and so make the whole process a con- 
inuous one. The volatile products and fixed gases which 
Lre driven off from the material during its passage through the 
lot zone ascend to the top of the tube and are collected by the 
uinular trunk (/) and conducted away by the pipe (g) 
:onnected therewith. 

This retort works on the principle of the gas producer, only 
here is also external heating of the retort tube. This latter 
)rovision secures a long hot zone of even temperature, thereby 
Lccelerating the throughput. By using these two systems 
ogether, a wide range of temperatures and zone conditions 
:an be obtained, which enables this retort to deal with almost 
my class of fuel. 

One of the chief features of the retort is the ram for dis- 
Jaarging the coke or residue. The ram has a reciprocating 
notion in a horizontal casing beneath the combustion cham- 
)er, and discharges the residue at intermittent intervals. By 
L simple adjustment which alters the rate of travel of the ram, 
he rate of discharge can be regulated to suit all classes 
)f material. 

This system has considerable advantages over the usual 
vorm or valve method, as it allows the material to remain at 
est while passing through the hot zone, which has been 
)roved to be of importance in producing a good coke, and 
here is less liabihty to jamb or stick, which frequently happens 
vith other systems. 

The material to be treated is fed into the hopper and is 
)assed into the retort tube by a lower valve. In the large 
inits this valve is mechanically operated. 

Steam and air are admitted into the combustion chamber 
)y inlets, which are provided. By this means a slow, partial, 
)r, if desired, complete combustion can be obtained. These 
nlets are at the bottom of the retort, and the hot gases so 
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produced cause the distillation of the coal in the upper regions 
of the retort. Naturally the external heating of the retort 
also assists. When smokeless fuel is desired, it is obviously 
not desirable to admit too much air and steam, because this, 
owing to partial decomposition, causes the fuel produced to 
be of a lower grade. It follows that if a coal contains a 
certain quantity of ash, that the ash in the final product 
will be increased if some of the carbon is burnt away. In 
any case, naturally, the extraction of the volatile matter 
raises the ash content. This, of course, is the case in aU 
carbonization processes — either high or low. 

The gases and volatile products are collected by the annular 
trunk at the top of the retort and conducted to the con- 
densers and other auxiliary apparatus. A portion of the non- 
condensible scrubbed gas is returned to the retort and con- 
sumed at the external heating burners. Thus the retort is 
entirely self-supporting when once it has been started. By ' 
increasing the steam and air admission to the combustion 
chamber, larger quantities of gas can be produced as required. 
In fact, with using material of high ash content, which would 
produce a worthless coke residue, it may be found advisable 
to completely gasify it in the combustion chamber after the 
volatile matter has been removed in the upper part of the 
retort. In this case the residue will be simply ash and clinker. 
On the other hand, when using a fuel of high volatile and low 
ash content, it is, as already stated, desirable to reduce the 
steam and air admission to the lowest limits, thereby producing 
a smaller amount of gas but a yield of distillate, with a good 
smokeless coke residue. 

Garter White System. 

The late Dr. Carter White employed in Bombay for the 
distillation of coal a rotary retort of the cement kiln type. The 
heating was effected internally by inert gas and the 
irreducible gases from the operation. 

The operation is started with gas producer gas at 400° C. to 
500 C. of 140 B.Th.U.'s which circulates through the furnace 
until from 1,000 to 1,200 B.Th.U.'s is attained. The gases are 
then condensed by compression and stripped and reduced to 
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about 450 B.Th.U.’s, and re-heated to 500° C. These are passed 
through the retort again, gas producer gas being employed for 
re-heating. The producer is fired by a small quantity of the 
residues of distillation. 

In addition to the systems described, many others have been 
introduced, but as the principles involved and the designs 
adopted are similar to, or are a variation of, those reviewed, 
it has not been thought necessary to expand the book to the 
extent demanded by the inclusion of these in detail. There 
are, for instance, the " Richards-Pringle,” the Pritchard 
(American), the Fellner-Ziegler (German, horizontal), the 
Summers (American, horizontal), the Dvorkovitz (vertical), 
the Korting (vertical), on the same principle as the Universal, 
the McLellan, etc. 

Distillation results of coal, shale, etc., by different systems 
wiU be found among the Appendices. 
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SPECIAL POINTS IN LOW TEMPERATURE PRACTICE 

The various types of retorts have at present reached a degree 
of efSciency, which, if not absolutely perfect, give at least 
the satisfaction and security that commercial success can be 
achieved by their use. The stage of development at which 
low temperature practice has arrived provided a guarantee of 
results from which a profit can be realized in treating coal, 
oil shales, torbanite, etc. It is now indisputable that yields 
of from 28 to 32 gallons of crude oil can be secured from 
African coal containing 33 per cent of volatile matter, and a 
plant treating 100 tons daily is actually working and obtaining 
this excellent result. Oil shales, such as Esthonian, containing 
36 per cent of volatile matter and yielding up to 90 gallons of 
oil per ton, can be treated by various retorts with a guarantee 
of a yield of 60 gallons per ton. Transvaal torbanite can also 
be treated, yielding up to 135 to 140 gallons of crude oil per 
ton, and even taking a mixture of coal and torbanite, as 
existing naturally in millions of tons, a yield of from 45 to 
50 gallons per ton has already been obtained. 

The now fully recognized principle and practice of using 
internal heat in retorts, through gases, inert gases, or pre- 
ferably, superheated steam, has contributed considerably to 
the solution of the problem. Superheated steam, generated 
incidentally by the heating of the retorts, without the cumber- 
some equipment of boiler and superheater, is now employed, 
and has proved very successful. The various improved 
systems recently introduced are giving a substantial increase 
of the yield in oil and of much better quality, while at the 
same time, a marked decrease in the volume of irreducible 
gases evolved, occurs. The change in practice which has 
taken place in this direction is shown by the fact that only a 
y^ear ago hardly one or two systems were using superheated 
steam, while at least half a dozen patents have been applied 
for, embodyiag this departure during the last six months. 
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Dr. J. B. Garbe strongly advocated this innovation at its 
inception. 

The question of fuel also appears to be solved in the use of 
the spent shale or coke with a gas producer for heating pur- 
poses, the amount of coal or its equivalent used for this purpose 
per ton treated being not more than from 5 to 8 per cent of 
the tonnage treated. 

The use of American retorts, based on the principle of the 
large roasting furnace, appears to be a move in the right 
direction, the only objection so far having been the high 
temperature employed, and the fact that it involves the 
production of too large a quantity of gas. If superheated 
steam, under economical conditions, as mentioned above is 
used, such retorts, although very expensive from the point 
of view of construction, may be the retorts of the future for 
low grade material. 

The horizontal retort, with helicoidal screw propeller and 
superheated steam, appears, so far, the best for high grade 
material such as rich shales and torbanite. Its construction 
is simple and its efficiency considerable. The low temperature 
used, i.e. not exceeding 450° to 500° C., does not affect the 
working of the internal propelling screw, and the enhanced 
yield of oil obtained justifies the first cost of construction. 

Another important aspect of the matter is that of condensa- 
tion, and a great deal has been done in this direction. The 
use of steam internally in the retort enables a rapid evacuation 
of the oil vapours, and a more methodical condensation, while 
it assists considerably in the coalescence of the oil vapour 
elements. The practice of the rapid cooling of the vapours 
has been abandoned and the slow percolation of steam and oil 
vapours through appropriate screens or filters has secured 
a more efficient combination of the oil elements. This has 
naturally resulted in a higher yield of oil — an oil having a 
higher percentage of saturated hydrocarbons — and smaller 
quantities of irreducible gases. 

It is a well-known fact that actual distillation occurs at a 
temperature rarely exceeding 350° C., and in rarer cases, at 
400° C. The critical temperature of 412° C. is the temperature 
at which " cracking ” begins, an effect which must, of course. 
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be avoided, and it has now been proved that with superheated 
steam, all the oil is produced below that temperature. 

By-products Obtainable. 

We cannot too strongly emphasize the point that at a low 
temperature, that is, not exceeding 450° C., a higher yield of 
higher quality oil can be obtained than at temperatures which 
have hitherto been regarded as low. The term low tempera- 
ture '' was adopted to express a state of carbonization at any 
temperatures which fell below those employed in coke ovens, 
not the temperatures between which the largest quantity of 
oil could be distilled. It was shown by Professor V. B. Lewes 
and others that, in connection with gas manufacture, a higher 
percentage of tar was secured at the lower temperatures 
employed, but even these from the oil production point of view 
were high, more especially when the character of the oil was 
considered. The modem problem, however, is not solved by 
quantity alone, it is essential that the oil distilled should be of 
the same character as that obtained in its natural state, and 
capable of providing the lighter fractions of the same series as 
from crude oil drawn from the well. The fact is not always 
borne in mind by those who design retorts and introduce new 
systems of what is termed low temperature carbonization, due 
to the fact that they do not keep in the forefront of their 
policy the production of oil of the highest quality, which is, for 
this country, the most essential by-product. With the majority 
of the known modem carbonization plants, it is possible to 
obtain ample supplies of high class smokeless fuel and large 
quantities of gas, results which can be secured by gas works 
of the modern coke oven. It is imperative, however, that we 
draw a very rigid line between old and new practice of coal 
carbonization. 

On one side we have so-called low temperature processes 
employing temperatures of 500° C, and upwards. These 
produce a good solid residue, suitable as a domestic fuel, but 
the yield of oil is of secondary importance, and similar in 
quantity and character to that obtained by high temperature 
methods. 

On the other side, we have a larger yield of oil and of a 
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paraffinoid character, identical with natural or well oil. The 
solid residue, however, is amorphous, porous and friable, but 
is eminently suitable for mixing with waste bituminous coal 
for the production of briquettes and ovoids. It is a product 
of this character we most urgently need to enable us to utilize 
the vast quantities of waste coal in this country, and to convert 
it into a high class fuel and to ensure the largest quantity of 
paraffinoid oils. 

Oil must be made the main product of any low temperature 
process and the solid residue treated as a subordinate product. 
On this basis we serve the two chief needs of the country, 
namely, the provision of a home supply of oil of high grade 
and an amorphous residue which by mixing with waste 
bituminous coi, can be transformed into a high, class domestic 
fuel and one entirely suitable for burning under boilers, either 
stationary, locomotive and marine. 

It is in fact such a solid residue we require, so that the 
waste coal can be utilized for briquetting, and thus trans- 
forming into profitable material what is now merely lying 
above and below ground at the mines, unutilized. 

The most important point in this question of distillation 
is that, hitherto, the oils obtained from coal were mostly of 
the aromatic or phenol and benzole series, and were not as 
valuable or as suitable for general purposes as natural oil and 
the oils derived from oil shales and torbanite. 

The high temperatures employed in the past for the dis- 
tillation of coal, and even 500° C. which till recently were 
deemed low temperature, caused secondary decomposition 
and the transformation of the oil. 

The new system of distillation with, and by, the application 
of superheated steam, produces oils which retain their 
paraffinoid character and from which at least 25 per cent can 
be obtained as petrol. 

In modem low temperature practice, the character of the 
oil distilled may be broadly stated to be as follows — 

Hydrocarbons — approximately from 50 to 80 per cent 
consisting of — 

{a) Paraffins from the lowest members of the series to 
members of the series, solid at normal temperatures ; 
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(6) Naphthalenes or aromatic hydrocarbons, occurring in 
the fractions above 60° C. and consisting of a large proportion 
of the distillate below 190 C. ; and 

(c) Unsaturated hydrocarbons, olefine and cj^clic, benzine 
toluene (their homologues are either absent or only present 
in small quantities, while naphthalene and anthracene are 
entirely absent), oxygenated bodies, from 20 to 25 per cent. 

It must be remembered that the nature of the tar and oils 
depends on the description of material treated, as well as on 
the design of the retort, the temperature of distillation, the 
rate at which this temperature is attained, and the length of 
time during which the volatile products are exposed to that 
temperature. Low temperature, slow heating and rapid 
removal of the volatile products favour the formation of 
aliphatic or paraffinoid compounds. 



CHAPTER X 


MATERIALS AVAILABLE IN GREAT BRITAIN 

The materials suitable for low temperature treatment, and 
available in Great Britain, were inspected and classified 
during tlie war by a committee appointed by the Council 
of the Institution of Petroleum Technologists, and the results 
of the investigations showed that the sources from which oil 
can be obtained by distillation are — 

1. Oil shales. 

2 . Coal. 

3. Cannel coals and torbanites. 

4. Blackband ironstones. 

5. Lignite. 

6. Peat. 

On the basis of these various deposits — cannels and bastard 
cannels, torbanites and blackband ironstones — ^it was proposed 
to found a new industry in this country. The industry was 
to be simply the low temperature carbonization of the raw 
material, with the extraction of oil and all by-products that 
could be produced in sufficient quantity. 

At a meeting of the members of the Institution of Petroleum 
Technologists, held on 19th February, 1918. there was appointed 
a committee known as '' The Committee on the Production of 
Oil from Cannel Coal and Allied Minerals,'" with the following 
terms of reference — 

To obtain evidence in respect of the quantity of cannel 
coal and alhed minerals available in Great Britain as a source 
of motor spirit, fuel oil, and other products, and to formulate 
a scheme for the utilization of such supphes." 

The following extracts from the interim report of that 
committee, issued on 24th July, 1918, are of interest — 

I. On our appointment by you at the end of February last 
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as a committee for the purposes specified in the Terms of 
Reference, we commenced our proceedings by appointing 
from our committee four sub-committees as follows — 

{a) SUPPLIES OF MATERIAL 

(1) Quality of Material. 

(2) Quantity of material. 

(3) Grouping of collieries for a.ssembling material with a minimum of transport. 

(4) Methods by which the maximum of retortable material can be obtained, 

(6) TREATMENT OF MATERIAL 

(1) Retorting, forms of retorts, etc. 

(2) Byproducts, including residues, 

(3) Refining of oil. 

(c) COSTS 

(1) Cost of raw material, including extra labour in mining and handling. 

(2) Cost of retorting plant, erection, and working. 

(3) Cost of refining oil. 

(4) By-products costs. 

{d) FINANCIAL SCHEME 

(1) Wages. 

(2) Royalties. 

(3) Value of products. 

(4) Drafting of scheme. 

2. The possibility of obtaining oil in quantity from the low 
temperature distillation of cannel-coal and its cognates has 
been considered from two other points of view, namely — 

(1) As an immediate war measure, having in view the 
production of motor spirit and fuel for the Services, and 

(2) As a permanent commercial undertaking and a measure 
of reconstruction. 

3. Sufficient evidence having been obtained from colliery 
proprietors and others to justify the conclusion that a very 
large amount of retortable material can be obtained for the 
production of oil in Great Britain, the committee decided to 
issue this Interim Report. 

4. The raw material in sight divides itself into three classes — 
{a) Non-caking material with a high yield of oil giving 

a residue of low value as household and steam-raising fuel, 
but of considerable value for producer gas and other 
purposes. 

(6) Caking and non-caking material with a smaller yield 

D--(5ii2) 



122 


LOW TEMPERATURE DISTILLATION 


of oil than {a) but affording a residue of great value for 
domestic and industrial fuel ; and 

(c) Material of a variety intermediate between {a) and (6), 

5. As a result of tests carried out by various processes, it 
has been established that a yield of between 15 and 80 gallons 
of crude oil per ton can be obtained from material existing in 
the British Isles. This crude oil can be refined to give at 
least 8 per cent of spirit and 40 to 50 per cent of fuel oil. 

6. The committee are satisfied that at least 10,000 tons per 
day of retortable material could be economically assembled 
for treatment, provided the necessary facilities were given by 
the Government and the requisite labour were available. At 
an average of 30 gallons of oil per ton, this would yield 300,000 
gallons of crude oil a day, or upwards of 400,000 tons a year. 

7. Much of this material has hitherto been mined but not 
raised, or if raised has been thrown upon the spoil heaps or 
returned to the underground workings. If the substitution of 
the shovel for the fork, so strongly demanded by the miners, 
were made obligatory by Government order, still more material 
would be sent up and wasted. If, however, the recommenda- 
tions of this committee be adopted and retorts erected, the 
increased supply of material vsdll be utilized and the colliery 
owner enabled to pay the miner for the extra tonnage brought 
to bank. 

8. The development of the industry as a permanent com- 
mercial undertaking depends upon the utilization of the 
by-products and residues. 

9. The efficient utilization by means of low temperature, 
distillation of the heat energy of the raw materials employed 
will make available valuable constituents which now go to 
waste, and thus tend to relieve the shortage of fuel for domestic 
and industrial purposes. 

10. {a) The residues obtained from caking materials will 
provide a considerable supply of clean fuel without smoke, 
and of high calorific value. 

(6) The residues obtained from a non-caking material, high 
in ash, can be utihzed in a producer for the production of power 
gas and sulphate ammonia. The quantity of gas must depend 
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on the relative proportions of carbon and ash in the residue, 
and consequently no generalization as to the yield of gas is 
possible. 

(c) The residues obtained from a non-caking coal low in 
ash can be utilized in the manufacture of briquettes. 

11. It must also be borne in mind that the utilization of 
the large quantities of residues obtainable from the treatment 
of non-caking material should greatly facilitate the schemes 
for the generation of cheap electrical power which have been 
the subject of consideration by the Electric Po'wer Suppl}^ 
Committee of the Board of Trade and the Coal Conservation 
Sub-Committee of the Ministry of Reconstruction, 

12. The technical advisers of the committee have care- 
fully investigated several types of retort, and also have had 
submitted to them many suggestions by inventors and others 
which hold forth considerable promise. As the materials to be 
treated vary widely in natural characteristics and in their 
behaviour within the retort, it is apparent that no one type of 
retort can treat to the best advantage all classes of material. 
There is, however, every reason to believe that certain retorts 
which have been under consideration will treat either caking 
or non-caking bituminous mineral so as to give a satisfac- 
tory throughput. There are in existence retorts which will 
successfully recover the maximum oil content. 

13. The committee have not overlooked the question of the 
labour which will be required, but they desire to emphasize the 
fact that the establishment of an industry for the low tempera- 
ture distillation of cannel-coal and its cognates will afford many 
openings for the employment of unskilled surface labour. 

14. The committee regard with apprehension the situation as 
to the supply of fuel oil and motor spirit and the long delay in 
taking action to develop home supplies. 

A considerable number of tests have been carried out in 
different retortable minerals found in Great Britain in very 
large quantities, and a selection of the results obtained are 
given on page 124. These are perhaps of little practical value 
and are merely introduced to show the possibilities in this 
country of estabhshing a home supply of oil. 
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The great difference in the retorting value of these shales is 
shown, but the figures would be more valuable had the tem- 
perature at which they were treated and the place of origin 
been given. 


SHALES 


Water. 

Fixed 

Carbon. 

Asli. 

Volatile. 

Volatile 
in residue. 

Crude Oil. 

Sp. gr. 
of Oil. 

% 

0/ 

/o 

% 

% 

28-9 

0/ 

/O 

Gall, per ton 


14*6 

14*4 

567 

2*9 

23*980 

1*026 

7*2 

I 5 -I 

49*0 

35*9 

2*0 

36- 5 5 

1*015 

II -8 

12*9 

48-0 

39*1 

I»I 

35*8 

*996 

6-4 

i6*S 

47-0 

36*2 

2*8 

34*37 

1*005 

2*1 

9-0 

75*0 

i6'0 

2*1 

16*7 

•856 

25*2 

9*3 

72*9 

17-8 

2*8 

9-63 

1*009 

27‘4 

8^4 

76-3 

15*3 

2*4 

12*67 

*995 

1-9 

38*5 

25-5 

36*0 

3*6 

40*97 

•947 

2-3 

38*5 

28*0 

38*5 

4*8 

34*9 

*946 


The yields of oil from cannel-coal are more consistent in 
both quality and quantity and are among the most valuable 
materials in this country as a source of oil supply. 


CANNELS 


Water. 

Fixed 

Carbon. 

Ash. 

Volatile. 

Volatile 
in residue. 

Crude Oil. 

Sp. gr. 
of Oil. 

% 

% 

% 

% 

% 

Gall, per ton. 


1*6 

48*8 

31*6 

21*6 

0*9 

22*53 

*887 

4*9 

52*3 

10*6 

37 * X 

0*5 

28*78 

•953 

2*2 

39 * X 

3x7 

29*2 

x *5 

27*39 

1*094 

8*8 

63*8 

3*5 

33*7 

1*4 

33-64 

*939 

6*2 

43*3 

37*4 

29*3 

4*7 

24*45 

-963 

2*4 

41*0 

ig-ii 

39*9 

0*7 

47-87 

•931 

3*6 

51*9 

16*8 

3 X *3 

1*6 

39*17 

*927 

6*5 

25*0 

49*9 

25*1 

77 

25*21 

*904 

2*0 

i 6*2 

66*7 

17*1 

4*6 

32*36 

•896 

4*3 

6 i *7 

6*7 

31*6 

3*3 

29-0 

•953 

2*2 

55*9 

9*0 

3 S*x 

x *3 

46-98 

*939 

3*5 

33*4 

317 

34*9 

2*0 

42-35 

•918 

5*0 

58*2 

4 *x 

377 

2*5 

38-31 

•947 

U‘i 

5 S*x 

11*2 

337 

3*0 

33-53 

-967 

2*3 

387 

34*3 

27*1 

2*2 

18-23 

-947 

2*7 

41*2 

37*6 

21*2 

2*0 

20-53 

•960 

7*7 

Si,*i 

2*6 

46*3 

2*7 

48-77 

♦946 


Splint coal is formd in the northern fields, chiefly in Northum- 
berland and Durham, many thousands of tons of which are 
now won in the mining of coal and thrown away on to the 
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ipoil heaps. This description of coal yields, under distillation, 
larger quantities of oil than ordinary bituminous coal as is 
evidenced in the figures given below — 


COALS 


Water. , 

Fixed 

Carbon. 

Ash. 

Volatile. 

Volatile 
in residue. 

Crude Oil. 

Sp. gr. 
of Oil. 

0 ' 

,0 

0 

/o 

/o 

0/ 

/O 

0 ' 

/ u 

Gall, per ton. 


1-8 

i 8*4 

6i*i 

20*5 

9*0 

6-96 

*949 

2*5 

22-5 

47*7 

29*8 

7*5 

19*42 

•937 

6-1 

62*8 

5*9 

31*3 

1-9 

20*14 

*995 

6-6 

41*7 

20*4 

37*9 

4*7 

41-41 i 

•932 


SPLINT COALS 


Water. 

Fixed 

Carbon. 

Ash. 

Volatile. 

Volatile 
in residue. 

Crude Oil. 

Sp. gr. 
of Oil. 

% 

O’' 

/o 

0 ' 

/O 

O' 

/o 

/o 

Gall, per ton. 

1 

0.7 

53*5 

20*8 

25*7 

2*1 

30-0 

•959 

0*3 

55*8 

i8*6 

25*6 

1*8 

40*0 

•973 

0*5 

52*8 

19*8 

27*4 

2*7 

20*24 

•990 

0-5 

52*3 

20*2 

i 

27.5 

2*6 

30*67 

•968 


BATTS AND JACKS 


Water. 

Fixed 

Carbon. 

Ash. 

Volatile. 

Volatile 
in residue. 

Crude Oil. 

Sp. gr. 
of OU. 

/o 

0'' 

/O 

% 

% 

% 

Gall, per ton. 


2*8 

2*6 

43*1 

32*6 

24*3 

2*6 

28*68 

•938 

49-0 

17*4 

33*6 

3*6 

41*68 

•923 

0*8 

43*6 

13*4 

43*0 

3*5 

60*24 

*918 

2*9 

44*2 

26*2 

29*6 

3-8 

31*82 

*925 

1*6 

41*0 

21*9 

37-1 

3*0 

54*92 

•9IS 


The deposits of oil shales, lignite and peat are dealt with 
ater, in separate chapters. 

The figures showing the yield of oil from cannehcoal are 
onfirmed by a later report of the Petroleum Research Depart- 
lent. This report is based on investigations made with the 
ossibilities of producing oil in this country and dealt solely 
nth this material and asserted that the average quantity of 
il obtainable was 35 gallons per ton, no material yielding less 
han 25 gallons per ton. The report also stated that 98 batteries 
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of retorts, capable of dealing with loo tons of material per day 
each, could be erected throughout the districts where cannel 
was available in quantity, providing an annual production of 
98 million gallons of crude oil. From this it was stated five 
million gallons of motor spirit and from 60 to 65 million gallons 
of fuel oil, in addition to paraffin wax and sulphate of ammonia, 
could be produced. 



CHAPTER XI 

THE NATURE OF LIQUID FUEL OBTAINED FROM COAL 

An important investigation was made in 1922 into the nature 
of the various liquid fuels obtainable from coal by different 
methods by Mr. Harold Moore, M.Sc., A.IX., and Mr. Arthur 
Grounds, B.Sc., A.I.CA The high authority of the investiga- 
tors and the fact that it traverses aspects of the subject in a 
manner not usually employed fully justifies its inclusion in 
this work. 

In reviewing the nature and yield of the various liquid 
fuels produced by the carbonization of coal and the distillation 
of coal tar, remark the writers, it is of interest to consider the 
origin of the tar itself. 

Coal tar is produced by the destructive carbonization of 
coal, and the constitution of the tar depends upon many 
factors, such as, for example, the nature of the raw material 
carbonized, the temperature of carbonization, the rate of 
increase of temperature in the charge, velocity of removal 
of the volatile products of carbonization from the heated 
space, and numerous other considerations. 

Taking the first consideration into account, the tars obtained 
by the carbonization of lignites and brown coals vary very 
considerably in composition, and are generally of quite differ- 
ent constitution from the tars obtained by carbonizing the 
geologically older coals, such as the bituminous caking and 
non-caking coals, and the semi-bituminous coals sometimes 
used in gas-producer practice. The examination of lignite 
tars has formed the subject of special and very thorough 
researches by Fischer, Gluud, and Schrader, whilst Bone, in 
England, has also studied the treatment of lignite from the 
point of view of its better utilization by up-grading,” he 
having proved that a preliminary heat treatment will eliminate 
a large proportion of the water, together with a gas consisting 

^ Oil Engineering and Finance^ VoL I, p. 359. 
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for the most part of carbon dioxide. The resulting product 
of this process has a much higher calorific value than the 
crude lignite. 

The temperature of carbonization also has a very marked 
influence on the composition of the tar produced, and, conse- 
quently, on the composition of the oils which are subsequently 
distilled from the tar. When coal is carbonized at low tempera- 
tures, such as 450° to 550^^ C., the tars contain a large propor- 
tion of bodies of the aliphatic or paraffin series, somewhat 
similar in chemical composition to the bodies contained in 
crude petroleum, whilst with increase in carbonizing tempera- 
ture, these bodies are subjected to decomposition, polymeriza- 
tion and reaction with the residual coke before they can be 
removed from the highly-heated zone, with the subsequent 
formation of compounds of an entirely different nature — ^viz., 
aromatic bodies of the benzene series. The tar produced by 
high temperature carbonization has also a higher specific 
gravity than the low temperature tar prepared from the same 
coal, and it is also more viscous. High temperature tars 
generally contain a much higher percentage of free carbon 
than low temperature tars, owing to pyrogenic decomposition 
of the volatile products of carbonization by contact with 
the highly-heated surfaces of the walls of the retort or 
oven. 

Composition of Goal Tars. 

The composition of coal tar varies considerably with the 
type of plant in which the coal is carbonized, and with the 
method of carbonization adopted. We will first consider the 
tars produced in ordinary gasworks practice, as recovered 
from the hydraulic main and scrubbers. The retorts in use 
may be divided into three classes — ^viz., horizontal, inclined, 
and vertical. Horizontal retorts, of a section, were the first 
to be used, and the tar produced from coal carbonized in such 
retorts usually has a specific gravity of about i‘20. Owing 
to the difficulty of removing the gas and tar vapour quickly 
from the heated zone, the tar is brought in contact, for a con- 
siderable time, with the heated walls and crown of the retort, 
with ^e consequent production of an undue amount of free 
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carbon, of which such tars generally contain from 20 to 30 
per cent. 

Horizontal retort tars are rich in aromatic bodies, being at 
present the main source of benzene, toluene, anthracene, and 
naphthalene. The charge in a horizontal retort is subjected 
to very rapid heating, and this generally leads to a somewhat 
violent evolution of volatile matter from the coal, with partial 
combustion on the surface, and this is reflected in the face that 
such tars contain more ash than the tars from inclined or 
vertical retorts. 

The next step in the design of gasworks retort installations 
was the introduction of the inclined retort, and, as might be 
anticipated, the tars produced by these retorts are intermediate 
in composition and physical properties between horizontal and 
vertical retort tars. The latter tars are of much better quality 
than the horizontal retort tars, and are in great demand, 
particularly in Germany, from various installations of Dessau 
retorts, as fuel for Diesel engines. The coal, descending 
gradually into the body of the retort (in the case of continuous 
verticals), is subjected to a preliminary low temperature 
carbonization at the top of the retorts, and this is reflected 
in the analysis of the tar, which usually averages about 7 per 
cent hydrogen, indicating the presence of considerable quanti- 
ties of aliphatic bodies. The tars are almost mobile and of 
low specific gravity, and contain very much less free carbon 
and ash than the tars from horizontal retorts. Most of the 
modern works are gradually installing vertical retorts, whilst 
the majority of new plants comprise vertical retorts only. 
The specific gravity of the tar ranges generally from 1*05 to 
i-io. 

Lignite tars are very much lighter than coal tars, the specific 
gravity usually lying between 0‘88 and i-o8. This tar gener- 
ally contains a certain amount of paraffin wax, and is conse- 
quently frequently semi-solid at normal temperatures. It 
oxidises very rapidly, since it is rich in unsaturated compounds, 
and on distillation the tar yields motor spirit, illuminating and 
lubricating oils, and paraffin wax. Paraffin bodies are present 
in large proportion, as are also benzene and naphthalene, 

Moore {Liquid Fuels for Internal Combtistion Engines, 1920, 
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page 96) gives the following figures for the composition of tar 
from various types of retort — 


Description. 

Sp.Gr. 

at 

i5°C. 

Water. 

Ultimate 

Com- 

position. 

0. & 

N. 

s. 

Ash. 

Coke. 

Net 

Calorific 

Value. 

B.Th.U’s 

Free 

Car- 

bon. 



C. 

H, 





Cals. 


% 

Low tein. carboniza- 












tion tar. 

1*058 

3-00 

85*8 

8*1 

5*49 

0*09 

0*11 

8*2 

8,776 

15,797 

2*2 

Horizontal retort tar . 

1*180 

r*75 

61-5 

5*2 

2*60 

0*50 

0*20 

24*0 

8,645 

15,561 

l8** 

Inclined retort tar . 

1*157 

I'll 

89*9 

6*0 

3*60 

0*50 

0*02 

18*5 

8,671 

15,626 

15,613 

14*0 

Vertical retort tar . 

1*089 

2*25 

88*0 

6*8 

3*80 

: 0‘6o 

0*03 

6*r 

8,664 

1*7 

Oil from low tempera- 









ture tar 

0*884 

Nil 

85*6 

11*4 

2*48 

0*40 

Nil 

0*84 

9,558 

17,204 

Nil 

Horizontal retort tar 








oil 

1*065 

1*00 

90*1 

6*8 

2*40 

0*50 

0*20 

3*0 

9,243 

16,637 

Nil 


Tars Derived from Coke Oven Plants. 

These tars cover a very wide range, and may be similar in 
composition to either horizontal or vertical retort tars, accord- 
ing to the type of plant in which the coal has been carbonized. 
The design of the oven has a very marked influence on the 
physical properties of the tars. In general, chamber oven tars 
correspond more or less to the tars from vertical retorts, and 
these have been found to be suitable for use in Diesel engines. 
No general rules can be given connecting the specific gravity 
of the tar produced with the type of the oven adopted, as the 
tar varies enormously in composition even from retorts of 
identical constmction, and smhll alterations in the structure 
seem to have an undue effect in modifying the composition 
and properties of the tar. The following figures are given by 
Moore (loc. cit.) — 


Description. 

Sp, Gr. 
at 

i5‘’C. 

Water. 

I 

Ultimate 

Com- 

position. 

0 & 

N. 

S. 

Ash. 

Coke. 

Net 

Calorific 

Value. 

B.Th.U's 

Free 

Car- 

bon. 



C. 

H. 





Cals. 


% 

Otto Hilgenstock coke 
oven tar . . . 

Simon Carves coke 
oven tar . . . 

Chamber oven tar . 
Blast furnace tar. . 
Blast furnace tar oil . 

1*208 

r-ooo 
; i*oS2 

X'i73 

0*974 

6*00 

0*50 

1*29 

^'00 

Nil 

PO'O 

88*1 
88*2 
! 89*5 

873 

5*4 

5*6 

6*9 

5*8 

0*8 

1 ' 

3*8 

6*r 

4*6 

0*5 

2*6 

0*8 

0*2 

0*3 
! 0*8 
0*4 

0*02 

0*07 

tree, 

0*4 

Nil 

26*8 ; 

6*0 

7*3 

23*4 

1*05 

8,624 

9 261 

8 7^7 
8,288 

9 243 

15,523 

16,670 

15727 

14,018 

1 16,637 

23*9 

traces 

3*3 

9*5 

Nil 


Included in the above table will be seen the analysis of a 
blast furnace tar and the oil derived from it by distillation. 
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The great drawback to the use of blast furnace tar is the 
uncertainty of its composition. The ash is liable to be very 
high, owing to the inefficiency of the dust-catching arrange- 
ments. In some of the blast furnaces in Scotland, where the 
price of coke is too high to allow of its economical use, raw 
bituminous coal is used in the blast furnaces, and as the 
charge slowly sinks into the heated zone, the coal is subjected 
to a slow heating, and as there is a way of escape open, viz., 
through the throat of the furnace, the volatile matter evolved 
is very similar in composition to that from a low temperature 
carbonization process, and the tar contains a considerable 
amount of paraffinic constituents, which have a pronounced 
effect on the uses to which it can be put. If the dust-catching 
arrangements are at all faulty the ash passes into the tar, 
and on distillation is concentrated in the resulting pitch. 
Blast furnace pitch is on this account of very little use for the 
purpose of agglomerating small coal for briquette manufac- 
ture. The ash is a drawback from the point of view of com- 
peting with large, clean coal, and also, since it exists in a very 
fine state of division, it breaks down the agglutinating power 
of the pitch. In the case of a coal, it has been shown (Grounds 
and Sinnatt, J.S.C.L, 1920, 39, 83-85T) that if an equal 
weight of inert matter, such as gas carbon, screened through 
a 200-mesh sieve, be added to a coking coal, it will entirely 
destroy its caking properties, and there is no doubt that the 
fine ash in blast furnace pitch acts in a similar manner. The 
pitch is dull in appearance, and, unlike a good gasworks or 
coke-oven pitch, will not pull out into long threads when 
softened, but breaks off short and cracks on the surface. On 
this account, too, the tar is of no use for combustion engines, 
and one of us has examined a tar containing as high a per- 
centage of ash as 13-5 per cent. The oil, however, is suitable 
for this purpose, as it is rich in aliphatic bodies and is of low 
gravity. The production of blast furnace tar is not very 
great, and only amounted to 140,000 tons in the year 1917, 
since which date no reliable figures have been available. Gas- 
producer tars vary considerably in composition, according to 
the type of producer in which the coal has been gasified. The 
tars are liable to be uncertain in composition from time to time, 
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even from the same plant, and their use as engine fuels is gener- 
ally prevented by the high quantity of ash and moisture which 
they contain. The water is introduced by the steaming of 
the coal in the producer, and it is very troublesome to separate. 
The production of producer gas tar in 1917 was 5i>t)00 tons. 


Carburetted Water Gas. 

In the manufacture of carburetted water gas, oil gas is fre- 
quently used to enrich the ordinary water gas. The oil gas 
is produced by cracking gas oil, a residue being obtained which 
consists of unchanged oil, mixed with a large proportion of 
aromatic hydrocarbons produced by the cracking of the oil. 
Other products from the water-gas section become mixed 
with the residue, and the result is a light, mobile, reddish- 
brown liquid, having a specific gravity of about 1*05, which 
liquid is an excellent fuel if dehydrated, providing that the 
ash content be kept low. 

The tar is very liable to contain an undue proportion of 
moisture, as in the case of producer gas tar, and the actual 
amount of water present depends very largely on the pro- 
gramme of operation. These emulsions are often very difficult 
to .separate, but a suitable tar provides an excellent fuel 
and commands a good price. The average composition of 
carburetted water gas tar is as follows — 


Specific gravity 
Flash point (closed test) . 
Carbon content 
Hydrogen 

Oxygen and Nitrogen content 
Sulphur content 
Ash . 

Coke value (about) . 

Free carbon content, less than 
Calorific value (net) 

Percentage distilled at 350® C. 


1*020 

91% 

7% 

1% 

0*0-0*50% 


8 % 

3 % 

9,111 calories /kg. 
16400 B.Th.U: lb. 
60% 


This tar is very seldom distilled separately from the gas 
tars, but is generally mixed with such tars at the gasworks. 
When distilled separately, however, it gives a high yield of 
creosote, in the region of 60 per cent. The oil is mobile, 
light yellow in colour, clear and free from naphthalene, and has 
a calorific value of 9,277 calories/kg,, or 16,700 B.Th.U./lb. 
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Two methods are adopted of controlling the distillation of 
the tar in this country, one method being to work to a certain 
specific gravity of the distillate, and the other to work to definite 
temperatures, when the “ change over ” is made. The follow- 
ing temperatures are usually adopted — 



Temperature 

Specific fjravity 

Yield. 


of distillation. 

(Approximate). 

First runnings or crude naphtha 

Up to 1 10° C. 

0*920 

% 

3-1 

Light oil . 

IIO‘’-200° C. 

0*995 

1*7 

Crude carbol ic oil . . , | 

200°-240° C. 

1,015 

1 3*5 

Creosote oil . . . . ; 

240°-270® C. 

1,050 

[ 12*0 

Anthracene or heavy oil 

270° to finish 

1*095 

1 9*7 

Residue . . . . i 

Varies 

i 


i 66 

(approx.) 


The finishing point is determined by the quality of pitch 
it is desired to make. Formerly, much soft pitch was made, 
leaving in the whole of the anthracene oil ; but this is not now 
done, and if a soft pitch is desired, the pitch is usually taken to 
the medium hard, or hard state, and is then softened in the 
still by the addition of some of the lighter oils. 

The main use of pitch is as a binder in the manufacture of 
patent fuel, although considerable quantities are used for the 
manufacture of roofing felts, for road-making, for the manu- 
facture of electrical insulators, and numerous other purposes. 
For patent fuel, the pitch is taken to the medium soft stage, 
and has a twisting point of 52° to 58° C., the melting point 
being about 88 to 100° C. For fuel oil purposes, the creosote 
oil and anthracene oil are frequently mixed and sold under 
the name of tar oil. The crude naphtha, light oil, and carbolic 
oil are washed with caustic soda and sulphuric acid for the 
separation of tar acids and the bases such as pyridene. From 
horizontal retort tars, the 3field of tar oil may be taken at 28 
per cent, whilst from coke-oven tar this figure is usually about 
32 per cent, the pitch yield being about 65 per cent from 
horizontal retort tars and 60 per cent from coke-oven tars. 
Good quality vertical retort tars generally yield about 45 per 
cent of tar oils, and give 45 per cent of pitch. Carburetted 
water gas tars give, on distillation, about 60 per cent of 
carburetted water gas tar creosote. 
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COAL TAR CREOSOTES 



Average. 

Maximum. 

Minimum. 

specific gravity .... 

1*017 

1*090 

0*950 

Water 

i-o8% 

12*00% 

None 

Carbon . . . • • 

89-2% 

90-0% 

87-1% 

Hydrogen ..... 

7 - 3 % 

8-0% 

6-5% 

Oxygen and Nitrogen 

3*9% 

4*8% 

3-0% 

Sulphur . . .... 

0*636% 

1*02% 

0-28% 

Ash ...••*• 

0*005% 

0*10% 

None 

Closed Flash Point. °F. . 

164 

208 

97 

Viscosity in Redwood Units at yo^F, . 

8-6 

23 

6*8 

Calorific Value, Gross B.Th.U. 

17.365 

17,946 

16,400 

Net B.Th.U. 

16,597 

17.174 

15*903 


ENGLER DISTILLATION 



Average. 

Maximum. 

Minimum. 

At 250® C. . . . • • 

58% 

76% 

28% 

At 300° C. ..... 

79 - 5 % 

94% 

14 - 7 % 

51% 

Coke yield ..... 

3 - 3 % 

1-3 % 

Free Carbon 

0-26% 

5 - 2 % 

None 

Tar Acids 

Temperature of Spontaneous Ignition 

9-5% 

30-0% 

Trace 

(In oxygen, °C.) .... 

480 

520 

415 


The process adopted varies, but generally the first runnings 
give crude benzol and crude toluol, the remainder going to 
the solvent naphtha fraction. The latter fraction is derived 
mainly from the light oil, the residue from which goes to the 
creosote, whilst the crude carbolic oil is washed free of phenol 
and tar acids, naphthalene is separated, and the oil goes either 
to the creosote or is sold specially. Disinfectants are prepared 
from this particular fraction. 

Coal Tars as Diesel Engine Fuels. 

As is pointed out also by Moore, ^ the burning of coal tars 
in internal combustion engines has been advocated for many 
years by experts, but little development in this direction has 
taken place. At the present time there does not appear to 
be much chance of Diesel and semi-Diesel engines being 
adapted to the burning of raw coal tars, in spite of the com- 
parative cheapness of the fuel ; the reason being that it is 
generally necessary to decrease the rating of engines used for 

^ Oil Engineering and Finance, Vol. I, p. 57, 
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this purpose, which means a higher capital charge on the 
installation. 

Coal tar creosote came into use on Diesel and high-com- 
pression semi-Diesel engines during the war as a result of the 
high price of petroleum products, but at the present time 
creosote is dearer than imported fuel oil, and its use has almost 
ceased. With the improved processes referred to in this work, 
there does not appear to be any reason why the prices of the 
home-produced Diesel oil, provided it is distilled in sufficient 
quantities, should not be so reduced as to make it attractive 
to Diesel engine users in this country. 

Whereas normal coal tars and normal coal-tar creosotes 
possess high spontaneous ignition points, causing ignition 
difficulties when these fuels are used on Diesel engines, the low 
temperature tars, though higher in ignition point than the pure 
petroleum products, are much more satisfactory in this respect 
than the products of the high-temperature carbonization of 
coal In addition, their low viscosity and comparative freedom 
from solid particles, such as free carbon, make the raw tars 
produced from low temperature carbonization plants more 
satisfactory fuels than the high temperature tar, apart from the 
ignition problem. In fact, it is well known that Diesel engines 
in Germany have been running for many years on vertical 
retort tars produced in Dessau retorts. The tars produced in 
this particular plant are more akin to low temperature products 
than to normd coal tar. Should the low temperature car- 
bonization process be developed on such a scale as to yield a 
really commercially important quantity of tar, it would prob- 
ably be found most economic^ to utilize the raw tars as 
Diesel engine fuels, without submitting them to further dis- 
tillation. In the past, low temperature tars have been 
notorious .for the quantity of water in them, which was held 
up in the form of an emulsion. In many cases the tars, on 
leaving the plant, contained over 50 per cent of water, and the 
removal of this water presented the greatest difficulty. It is, 
however, claimed in some of the modern low-temperature 
processes that water-free tar is generated directly from the 
plant. 

If such tars can be marketed at a price to compete favourably 
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with petroleum oils, there is no doubt that they would receive 
most serious attention from Diesel engine users^ and probably 
they would be found to be a most satisfactory fuel for the 
high-compression type of semi-Diesel engine. The high com- 
pression engines, such as Crossley, Ruston, and Campbell 
engines, possess the property of utilizing heavy oils to a 
remarkable extent, being known to give satisfactory working 
on Mexican furnace oil, so they should have little difficulty 
in burning raw low-temperature tars. At the moment there 
is little of this tar available, but the proposition is particularly 
tempting, as its development would open a source of fuel oil 
actually produced in this country. 


CHAPTER XII 

TREATING THE RESIDUE FROM DISTILLATION 

The treatment of coal by low temperature distillation cannot 
be dissociated from the use of the solid residue obtained as 
a result of this distillation, for in Great Britain, at least, the 
two aspects of the matter are inseparable. The relinquish- 
ment of the present methods of burning coal in its natural 
state, and the general adoption of a smokeless, but greater 
heat-giving fuel, must go hand in hand with any progress of 
low temperature distillation. At the pi'esent time, prejudice 
against a domestic fuel which does not emit smoke and flame 
prevails among all consumers, and these must be educated to 
the fact that by using a fuel which does not provide these 
picturesque emanations, they will obtain a greater amount of 
heat per ton, which expressed in sterling, will represent a 
considerable saving in housekeeping. 

For ordinary industrial fuel, steam boilers, locomotives, 
etc., bituminous coal should be passed through low temperature 
retorts, extracting the maximum quantity of oil of the highest 
quality, and a synthetic coal formed of the residue obtained. 
This should be prepared in such a manner so as to be suitable 
for the different purposes required, as is effected so efficiently 
in Belgium. The great mistake which has been made by the 
majority of those who have turned their attention to the 
invention of a process whereby the by-products from coal 
could be obtained has been that they have set out with the 
idea of securing as great a variety of products from the coal as 
possible, instead of directing their energies into one definite 
line. It is impossible to secure a large quantity of oil and at 
the same time produce satisfactory quantities of good residual 
fuel and gas. The object which should be kept right in the 
forefront is that of producing the largest quantity of oil, and 
using whatever residual fuel is obtained for briquette, manu- 
facture, combining this with waste coal, of which such vast 
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quantities are available. This question of briquetting has 
in Belgium become a fine art, all waste and rubbish being 
crushed, washed, concentrated and mixed with inferior coal 
and transformed into briquettes at a very nominal cost in 
well-devised plants working automatically and with a labour 
outlay of less than one shilling per ton. The chief expense 
incurred is in respect of the binder, which up till recently has 
been confined to pitch produced from coal tar. For some 
time now, however, this pitch has stood at a prohibitive price, 
and efforts are being made to adopt a pitch produced from 
heavy petroleum ; but if this low temperature carbonization 
business is carried out efficiently there should be no need to 
resort to imported mineral for a binder. From coal treated 
by the low temperature process, the oil is extracted in as large 
a proportion as possible, and the friable coke obtained turned 
into briquettes as suggested above, while the pitch resulting 
from this process can be used as the necessary binder. More- 
over, an ideal fuel would be produced of a higher calorific 
power than the original coal treated. It is merely a matter 
of arithmetical calculation to ascertain what the value of such 
a procedure would be. 

Low temperature carbonization with superheated steam will 
extract oils and preserve their paraffinoid quality, avoiding 
the production of aromatic and acid products. The matter 
of briquetting is such a commonplace affair abroad that no one 
who has not inspected the developments in Belgium, France, 
and Germany can realize the backwardness of England in 
this direction, and it is evident that this is due not only to 
conservatism in the matter, but to the fact that this country 
possesses such potential supplies of coal which have shown no 
signs yet of becoming exhausted, and that, therefore, they can 
be dissipated carelessly. The position of things is quite 
different in Belgium, where the output of coal amounts to 
only 20 to 25 million tons a year, and whose people are 
therefore compelled to exercise economical methods, or pay 
high prices for the imported mineral. From the inferior coal 
and slag produced, the Belgians manufactured in 1921 no less 
than three milHon tons of fuel in the form of briquettes. This 
quantity represents 12 per cent of the total produced, while 
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England, with a production of over 250 million tons, manufac- 
tures only two million tons of briquettes, or less than i per cent 
of the total quantity produced. Even, therefore, compared 
with such a small country as Belgium, we are, from the 
scientific standpoint, infinitely less advanced in this matter of 
the proper utilization of coal. 

Brown coal and lignite can also be treated in the same 
manner for oil extraction and briquetting, and this has been 
done in Germany, France, and Russia for a considerable time, 
while it has also been recently introduced into x^merica with 
considerable success. Coal briquetting is an essentially 
Belgian industry, initiated as far back as 1828, but it w^as not 
until 1858 that its advantages were fully recognized, and 
developments on a large scale occurred. iVfter the opening of 
the Rhur coalfields the Germans were quick to recognize the 
advantages of coal briquetting, and started production on a 
large scale, not only on ordinary coal, but also with browm 
coal or lignite. 

Many disappointments have been experienced, chiefly due 
to lack of experience and practical knowledge. Briquettes 
were manufactured from best waste Welsh coal, but could not 
be used in locomotives and under marine boilers, as being far 
too rich in hydrocarbons. The blending of various qualities 
of coal has, however, reached in Belgium almost perfection, 
and the briquettes made are practically smokeless, and of a 
very high calorific power. 

ThS universal adoption of briquetting inferior coal, washed 
dust, lignite, etc., has rendered, at least on the Continent, this 
industry a natural adjunct to every colliery of importance, 
and such briquetting is being done at a merely nominal cost. 
It is undoubtedly through this that the practicability and 
commercial success of oil extraction from coal will emerge. 
It is now proved that about i gallon to i J gallons of oil can be 
obtained for each i per cent of volatile matter contained in 
the coal. The oil extracted will have an amorphous residue 
which, ground and blended roughly in proper proportions 
and treated by a modern process, as universally used on the 
Continent, may be transformed into briquettes of any form and 
size as most suitable for industrial or domestic use. Such 
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briquettes, being synthetically constituted, without any super- 
fluous bituminous element, will be smokeless, and thus will be 
solved the critical question of the prevention of smoke, fog, 
etc., besides enriching the nation with many thousands of tons 
of oil actually burned on the altar of convention and prejudice. 
It is a fact that to-day in far-away India, at Bombay, there 
is already working a small plant treating loo tons a day of 
coal imported from Natal in South Africa. The coal contains 
I 32 to 33 per cent of volatile matter and yields over 34 gallons 

of oil, of which more than 45 per cent is directly transformed 
, into motor spirit, lubricating oil, and fuel oil. The solid 

j I'esidue, after distillation, is transformed into briquettes for 

domestic purposes, the natives being eager to buy these “ coal 
balls,'' which are smokeless and which they bum in their 
native fire-boxes. The system used is internal heating at very 
low temperatures. 

i American Practice. 

; In America the value of briquetting bituminous coal is 

i fully recognized, and is making good progress. Among the 

f processes employed is that being worked by the International 

■1 Coal Products Corporation of New York, producing a high- 

grade smokeless fuel, to which the name '' Carbocoal " is 
} given. This fuel is successfully used in locomotives for indus- 

I trial steam raising, as well as for domestic purposes. The 

m essential features in the process for production of carbocoal 

I is an initial continuous low temperature distillation of the 

raw fuel, which may be lignite, coking, semi-coking, or non- 
coking coal of a high volatile content. After being crushed 
to pass a J-in. mesh, it is fed to the primary retort, main- 
M tained at 850-900'' F. A twin set of paddles inside the retort 

|| serves the double purpose of advancing the charge, and at 

j-; the same time keeping it well agitated so that all portions 

are fully exposed to the heating of the retort walls. Two to 
if three hours are occupied by this primary distillation process, 

'{i which reduced the volatile content to about 8 per cent. The 

il result is a very large yield of tar and gas, leaving a residue 

rich in carbon, which is called semi-carbocoal. 

; 4 Upon discharge from the retort, this residue is ground up 
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and thoroughly mixed with pitch binder obtained from the 
first distillation process, and the mixture is formed into oval 
briquettes by passing between roll dies. These briquettes 
are then fed by gravity into a secondary inclined retort, where 
they are subjected to a high temperature distillation (at 
1,800° F.) for a period of five or six hours. 

During this second distillation process, the pitch is com- 
pletely coked, and the briquettes shrink a little in size. 
Upon discharge from the second retort, the briquettes are 
quenched and then stored ready for shipment. 

These briquettes are available in five sizes, ranging from 
I oz. to 5 oz., the larger adapted to locomotive and the 
smaller to domestic use. 

Tests on this synthetic fuel have showed its ability to 
evaporate from 8*5 lbs. of water at a combustion rate of 
100 lbs. per square foot of grate surface per hour to 12-8 lbs. 
of water at a combustion rate of 27 lbs. per square foot of 
grate surface per hour, from and at 212° F., per pound of 
fuel fired ; and that it requires no greater draft than 
bituminous coal. A maximum combustion rate of 166 lbs. 
per square foot of grate surface per hour has been reached 
for short periods with this fuel. 

At the Clinchfield (Va.) plant of the company, operated by 
the Clinchfield Carbocoal Corporation, about 600 tons of coal 
per day are put through this process, yielding the following 
approximate quantities of carbocoal and by-products — 

Carbocoal 420 tons 

Tar ....... 16,200 galls. 

Gas . . . . . . . 5,400,000 cu. ft. 

Concentrated Ammonia . . . 1,300 galls. 

Tar Oils ...... 8,ioo ,, 

Motor Spirits ..... 1,200 „ 

The method of submitting ovoids after production to a 
process of distillation is not new ; and apart from the above- 
mentioned fuel, “ carbocoal,” another American concern manu- 
factures this form of fuel in a similar manner and gives it the 
name of " carbonets.” In Belgium also ovoids are subjected 
to what is known as “ sweating ” and are marketed with a 
maximum of 7 per cent of volatile matter. These are disposed 
of chiefly in Paris for old-fashioned central heating plants. 
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The practice has now been adopted in England, the object 
of which is to relieve the fuel of the bulk of the hydrocarbons 
and to secure greater cohesion in the ovoid, making it less 
porous and brittle. This double handling and treatment of 
the fuel increases to some extent the cost of production, though 
a small saving is effected on pitch, which is not necessary 
under these conditions as a binder. 

It should be pointed out that such a method is not applicable 
to briquettes of large size, say from 10 to 20 lbs. in weight. 
Their shape and dimensions make them quite unsuitable for 
treatment with a low temperature, as the penetration of the 
heat, to which they would, in these circumstances, be sub- 
mitted, would not be sufficient to distil off the volatile matter 
in the interior of the briquette. To effect this high tempera- 
tures would be necessary and this would add considerably to 
the cost of production. 

Recent practice, which has been directed towards manu- 
facturing briquettes and ovoids by heating coal to coking point 
and subjecting this to pressure only and without binder, is 
merely reverting to the old and primitive methods of the 
1830’s and 1840’s, which was abandoned owing to the cost 
and technical difficulties involved. 


CHAPTER XIII 


COAL AGGLOMERATE 

We have, in previous chapters emphasized the point that the 
establishment of an oil industry in this country is indissolubly 
bound up with the commercial utilization of the sohd residue 
obtained from the distillation of coal and the pro\dsion of a 
fuel equal in calorific power to that of coal. It has also been 
stated that the only process by which this can be carried out 
is by treating the enormous masses of waste coal and the 
sohd residue referred to, and transforming these into coal 
agglomerate or briquettes. 

There is an erroneous impression extant that in encouraging 
the use of this form of fuel the production of coal would be 
affected. That this is untrue in fact is proved by the instance 
of Belgium, where the extension of the use of briquettes has 
led to an increased output. This form of fuel is, in this 
country, wrongly termed '' patent fuel.'' There is really 
no patent connected with it as its manufacture is public 
property throughout the world. 

Briquette is the name given to an agglomeration of small 
coal united with a binding material, and ovoid is the name 
given to the same, made about the size of an egg. It is rather 
remarkable to turn to a little country like Belgium to find the 
most prominent instance of the rational treatment of coal. 
Here and in France the coal briquetting industry originated 
and was developed. 

This industry is not, as many appear to think, by any means 
a new departure. Records show that the Chinese, centuries 
ago, were using compressed coal formed into balls. In England, 
in the year 1603, Hugh Platt described in a pamphlet a new 
compressed fuel manufactured in the year 1594, which was 
composed of coal dust, saw dust, and oak tan bark with 
cow-dung as a binding material. 

Nelson Boyd, at a later date mentions the manufacture of 
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coal balls, taking his idea from Liege in Belgium, and Aix-la- 
Chapelle, where coal balls were made by mixing coal dust and 
loam or clay together. This practice is still common among the 
peasants of Belgium. Fuel of this description is economical 
and smoulders away, producing no flame and little smoke 
although the ash is considerable. The same authority gives 
also a lengthy description of a similar fuel made with straw 
and tan as a binder, used for reducing the ash. 

In 1776 and 1813 there are further records of balls and eggs 
being made from coal dust with from 10 to 15 per cent of loam 
or clay in the neighbourhood of Luttitch (Liege) for use as a 
domestic fuel. In the early days in Belgium these coal balls 
were called “ Liege.” 

Later on, the coal briquettes were manufactured in blocks 
of between 2 and 3 sections, containing from 8 to 10 per cent of 
plastic clay. 

In the year 1818 there are records of such briquettes being 
made by machinery in Belgium, and a serious development was 
recorded in that country and France. Between 1832 and 1842 
‘a great impetus was given to the briquette industry by the 
application of coal tar pitch as a binder. This was intro- 
duced by an Englishman, a Mr. William Wylam, of Newcastle- 
on-Tyne, and such binder is at the present time still employed. 
Quite recently attention has been directed to the heavy residue 
from well oil distillation. 

Hundreds of patents have been taken out in this country, 
and tried, and are stiU being tried with the object of replacing 
coal tar pitch as a binder, but nothing of a permanent commer- 
cial character has so far been recognized as practicable. 

Briquettes and ovoids, to be satisfactory and eflicient, 
should be homogeneous, sonorous, and smokeless as possible. 
Breakage in transport must not exceed 5 per cent. The 
average specific gravity shoifld be about 1-5. 

They must not be hygroscopic ; the moisture contained not 
exceeding 5 per cent, the amount of ash not above 10 per cent, 
although for ovoids for domestic purposes there is no objection 
to the per cent of ash reaching 15. 

They must be easy to kindle, burn with a lively, practically 
smokeless glow, and must not fall in pieces in the fire. 
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Their steaming power must be approximately equal to that 
of good steam coal. 

One of the great mistakes made since the initiation of the 
briquette industry in this country has been that of using the 
best coal for briquette making. These have had a far too 
high percentage of volatile matter and consequently produced 
disastrous results when burnt in locomotives and marine 
boilers, by choking the boiler tubes. Briquettes or ovoids for 
domestic purposes should contain from 7 to 15 per cent of 
volatile matter and from 10 to 15 per cent of ash. 

For railway and marine work these items should be — 
Volatile matter, 10 to 16 per cent, and ash, 6 to 10 per cent. 

Briquettes for special purposes should be made to suit the 
requirements, as in Belgium, and as indicated by the list given 
subsequently. 

Briquettes and ovoids are made to order for any specific 
purpose, considering the blending of the coal and determina- 
tion of the nature of the fuel the briquette has to displace. 

They are, in reality, a synthetic coal : anthracite, anthracitic 
coal, coke, semi-coke, peat, lignite ; indeed, anything that can 
be treated by low temperature carbonization. They can be 
converted into briquettes, and in all cases by intelligent blend- 
ing are made into high class valuable fuel and adapted to every 
purpose. 

The method of treatment and the machinery and appliances 
used in Belgium are the results of constant improvement 
during the last 60 years. One firm alone has erected works 
producing now over 1,200 tons per hour or more than 
million tons per annum, and are stiU extending their plant. 

In order to give a clear idea of the extent of this work in 
Belgium, we cannot do better than append a synopsis of their 
practice. 

There are no patents in use, but the essential part of their 
success lies in the perfect adaptation of every detail to the 
purpose in view (Figs. All the work is automatic and 

the labour required for an output of a recently completed works, 
dealing with 100 tons per hour, is only about 30 men, including 
foreman, engineer, and the necessary unskilled labour. The 
cost of this labour does not exceed is. per ton. 
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FUELS PRODUCED IN BELGIUM AND THE NUMBER 
OF PRODUCERS OF DIFFERENT DESCRIPTIONS OF FUEL 

COAL — ^Medium Bituminous 
Volatile matter = 14-17 per cent. 

Raw Coal and Washed Coal. 

Uses, — ^Domestic purposes ; steam coal ; coal briquettes, and ovoids. 

Size of Products. — Lumps, cobbles, nuts, pea-nuts, washed pea-nuts, fines, 
and dust. 

Ash. — Classified and washed, 6-8 per cent; washed, 10-12 per cent; raw, 
15-20 per cent. 

Producers. — Centre, 19 ; Liege, 24 ; Mons, 8. 

Coal. — Quarter Bituminous 
Volatile Matter = 11-14 per cent. 

Uses. — ^Domestic ; coal, dust or washed ; central heating ; brick burning ; 
lime kiln. Steam coal and briquettes and ovoids are used here. Slow and 
regular combustion are required. 

Size of Products. — Same size as former. 

Ash. — Classified, washed, 6-8 per cent ; crushed, 5-7 per cent ; washed, 
10-12 per cent; raw, 15-20 per cent. 

Producers. — Charleroi, 13 ; Liege, 8. 

Lean and Anthracitic Coal 
Volatile matter = 6-10 per cent. 

Coal, Raw, Washed, and Crushed. 

Uses. — Slow combustion stoves ; central heating ; gas producers ; brick 
burning ; lime kilns ; ore treatment. Used for very slow or regular 
combustion. 

Ash. — Crushed and washed, 6-8 per cent ; crushed, 5-7 per cent ; washed, 
10-12 per cent ; raw, 15-20 per cent. 

Producers, — Charleroi, 18 ; Liege, 12. 

Coal. — ^Three-Quarter Bituminous 
Volatile matter = 17-40 per cent. 

Raw Coal and Washed Coal. 

Uses. — Three-quarter domestic coke : smithy, rolling mill, sugar mill, steam 
generation. Bituminous : iron and steel works, glass works, potteries, 
etc. Special rich to best Welsh : gas works, coke ovens. 

Producers. — LaCampine (new coalfield), i ; Centre, 5 ; Charleroi, 3 ; Liege, 8 ; 
Mons, 13. 

COKE 

(Metallurgical ; Foundry ; Washed coal, etc.) 
AGGLOMERATE COAL (OVOIDS) 

(Lean Coal, Anthracite, Half Bituminous, Special Ovoids.) 

Volatile matter = 8~i6 per cent. 

Ash. — ^40-50 grammes. Size and weight variable from ij— 3 oz. 

Producers, — Lean Ovoids : Charleroi, 1 3 ; Liege, 5 . Special Ovoids : Charleroi, 
2 Liege, 3. Ovoids, half bituminous : Centre, 3 ; Charleroi, 7 ; Liege, 4 ; 
Mons, 2. 

Briquettes. 

Types I and 2, Belgian State. Marine. 

Specifications of Belgian State Railway and Great French Company, weight 
and size to order from 12-23 lb. 

Uses. — ^Locomotives, bunker, and industrial. 

Producers. — Types i and 2, Centre, 4 ; Charleroi, 24 ; Liege, 18 ; Mons, 4. 
Marine (Admiralty), Centre, 3 ; Charleroi, 7 ; Liege, 2 ; Mons, i. 
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A Typical Belgian Briquetting and Ovoid Plant. 

One of the most modem plants for briquetting coal and 
coal residue is that employed at the Charbonage du Carabinier 
a Pont du Loup, one of the largest coal mines near Charleroi. 
This plant, of a capacity of lOO tons per hour, embodies the 
latest improvements, not only as regards machinery, but as 
regards the completeness of the accessories and appliances for 
handling the coal, pitch, ovoids, and briquettes, and is abso- 
lutely automatic, from the tipping of the coal into the coal 
bins to the loading of the products into the railway trucks or 
canal barges. The plant is erected for 6o to 8o tons of briqu- 
ettes per hour, according to sizes, the size varying from lo lb. 
to 22 lb. per briquette, according to requirements, in addition 
to 20 tons of ovoids per hour, the unit weight of which is about 
i|- oz., or altogether from 8o to loo tons of products per hour. 

The ovoid press (Fig. 27) consists of a strong cast-iron frame 
in one piece, the bearings carrying the two shafts on which 
are keyed the cylinders with the ovoid moulds or shells fixed 
in such a way as to be easily removed and regulated by wedges 
and screws, so as to meet the wear and tear of the cyhnders. 
The moulding of the ovoids is done in the shells (allveoles) 
scooped around the circumference of the cylinders, which 
revolve tangentially in opposite directions and at equal speed. 
The driving is done by pulleys (fast and loose) and a set of cast 
iron cog-wheels, machine cut. On the frame is fixed a mixer 
distributor in steel sheet and provided with a proper stirrer, 
driven by bevel gear. The purpose of such a stirrer is to keep 
the paste fluid and to distribute it regularly to the moulding 
cylinders. The weight of such a press for a capacity of 10 
tons per hour is 15 tons. 

The briquetting presses employed are of the opdn mould 
type (Fig. 30), and of the two million tons of briquettes now 
manufactured yearly in Belgium over 90 per cent are made by 
' such presses. These presses are capable of using washed coal 
without drying, and wiU agglomerate coal with as much as 
10 per cent of moisture without inconvenience. The press is 
highly efficient and of large output, namely from 12 to 15 tons 
per hour. The construction is of the greatest simplicity and 





152 


LOW TEMPERATURE DISTILLATION 


strength, and easy to work, while the upkeep is almost nil. 
In addition, all the parts are made to bear the greatest resist- 
ance and shock. If anything should occur, the belt on the 



Fig. 30. — Open Mould Briquette Press 


main pulley would slip and the press would stop instantane- 
ously. The ordinary compression obtained is from tons to 
2 tons per squai'e inch. The cohesion is from 70 to 75 per cent, 
while the marine and State railway require from 50 to 60 per 



Fig. 31. — Press for Ovoid-shaped Briquettes 

cent for their contracts. A central pitch crusher with spiral 
conveyor is provided for distributing the pitch to each set of 
presses. Each set is provided with two large storage bins for 
coal and one for pitch, as well as automatic feed measurers 
supplying coal and pitch in due proportions to the mixer. 
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The inixer is a special Carr disintegrator acting as mixer. The 
mixture is lifted bucket chain elevator (Figs. 25-26) to a 
malaxor or pug (Fig. 32) provided with a special heating 
arrangement with superheated steam. The mixture under 
superheated steam is rendered fluid, and certain actions take 
place between the coal and the binder which increases con- 
siderably the cohesion obtained in the presses. From the pug 
the mixture is transferred by a spiral conveyor to the distri- 
butor fixed on the presses, and at the same time is submitted 
to the cooling action of a powerful fan, to be cooled to the 
proper temperature, which is, judged by experience, the most 
suitable for the compression in the press. 

The stream of ovoids run from the press and are conveyed 
by endless belt to a trommel, where the edges are trimmed 
and any fragments removed, and then directly dumped into 
trucks or barges ready for transport. 

The briquettes in the open mould are submitted to a pro- 
longed pressure of about tons per square inch, and are of 
great cohesion. They are received on an endless belt conveyor 
and transported directly to the railway trucks, and automatic- 
ally tipped in. 

The ovoids and briquettes are very stable and strong, 
cohesion up to 86 has been obtained, thus they can withstand 
any handling, and are waterproof. Very little labour is 
required for such large works, only 30 men being employed, 
and the cost of manufacturing this item alone is barely 6d. 
per ton, and in England would not exceed is. per ton. The 
horse-power required for the total plant dealing, say, with 
100 tons per hour is 500. The plant is driven electricall}^ 
the power being obtained from the colliery central station. 
Each unit has independent service, and each special appliance 
has its own motor. 

At the end of the Appendix the specifications of briquettes 
as laid down by the Ministry of Railways, Belgium, are given. 


CHAPTER XIV 


OIL SHALES 

Tie low temperature process, as now developed, is particularly 
pplicable to the treatment of shales, torbanites, and similar 
arbonaceous material, and it will therefore be appropriate 
0 introduce a brief reference to this aspect of the subject. 

Extensive investigations were made during the war, by the 
^etroleum Research Department, into the material available 
n this country for retorting oil therefrom. The areas known 
0 contain the largest and richest deposits of shales are situ- 
ied in Scotland and Norfolk and Dorsetshire in England, 
)ut only in Scotland is productive work being carried on. 
^s pointed out by Manfield, the oil shales of Great Britain 
ire chiefly found in the carboniferous and Jurassic systems. 
11 the latter the most important deposits are in the Kimmeridge 
lay, the lowest division of the upper Oolites. At Ringstead 
3ay, on the Dorset coast, the Kimmeridge clay can be traced 
rom the Portland sands above it to the Coral Rag below. 
Vs it approaches the Coral Rag it becomes more gritty, and 
bssils belonging to the Coral Rag are found in it. Across the 
Channel at Boulogne, the whole of the Kimmeridge clay 
tssumes this gritty condition from the Portland stone to the 
"oral Rag and no shales are found in it. 

)orsetshire. 

The Kimmeridge clay has been estimated to be goo ft. in 
hickness. In the southern part of the county the oil shales 
ire exposed at the surface in two areas, one at Kimmeridge 
round Kimmeridge Bay) and the other at Corton (some 
ive miles to the north of Weymouth). 

At Kimmeridge, the principal oil-bearing shale black- 
;tone or '' Kimmeridge coal ' J is associated with several 
3ands of shale of inferior quality, and is about 2 ft. thick and 
)f a dark brown colour. It readily ignites, burning with a 
bright flame and giving off an offensive odour. It crops out 
)n the crest of an anticlinal fold, which runs east and west in 
Kimmeridge Bay. On the northern side of the axis, it dips 
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from 15° to 20*^ beneath the Portland, Purbeck, and Wealden 
beds, on the south side dipping beneath the sea. 

During the year 1917 a series of boreholes was commenced 
near Kimmeridge by the Department for the Development 
of Mineral Resources (Ministry of Munitions), and the results 
obtained are .embodied in reports by W. T. Anderson and 
A. C. V. Berry to the Ministry of Munitions in February, 1918. 
The following figures have been extracted from these reports 
by the Geological Survey — 


RESULTS OF SAMPLING AND TESTING KIMMERIDGE SHALES 



Depth. 

Depth to 
Bottom of 
Principal 
Oil Shale. 

Thick- 

ness 

Mined. 

Volatile 

Matter. 

Oil. 

Ammonium 

Sulphate. 


ft. 

ft. 

ft. 

in. 

per cent. 

gal. 

per ton. 

lb. 

per ton. 

No. I Borehole . 

108J 

90 

— 

— 

Overlying Shale and 
Blackstone conjointly , 



4 

5 

24*0 

26*5 

20*4 

Blackstone alone 

___ 

— 

2 . 6 

34-6 

40*6 

22*7 

No. 2 Borehole . 

921 

77 -f 









Overlying Shale and 
Blackstone conjointly. 



3 4 

32-5 

32-1 

27*5 

Overlying Shale and 
Blackstone alone 

— 

— 

2 

2 o' 

39*1 

38-4 

32*4 

No. 3 Borehole . 

290 

48 









Overlying Shale and 
Blackstone conjointly. 




2 loj 

27*7 

22*3 

28*6 

Blackstone alone 

“ 


2 2 J 

31*^ 

34*4 

307 


In an analysis by Berry, the sulphur in blackstone, 
Kimmeridge No. i, amounted to 4*31 per cent. 


ESTIMATES OF OIL SHALE AT KIMMERIDGE 




1 Shale. 

1 Oil. 

Ammonium Sulphate 


Thick- 

ness. 

Tons 

per 

Acre. 

Total Tons 
in 2, goo ac. 

Gall, 
per Ton. 

Total Gall, 
in 2,900 ac. 

Lb. 

per Ton. 

Total lb. in 
2,900 ac. 

Shale , . 

Blackstone . 

ft. in. 

1 II 

2 6 

3.913 

4.375 

j 

1 1,000,000 
12,000,000 

8-1 

37-6 

92,000,000 

363,000,000 

17*6 

28*6 

89,030 

161,820 

Totals . 

4 S 

— 

23,000,000 

— 

455,000,000 

— 

250,850 


til : 



1 1 
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In the Corton area, an elongated area of Kimmeridge Clay 
stretches from Abbotsbury Station to Poxwell and Burning 
Cliff. On the south side of this are older rocks, whilst on 
the north there appear outcrops of Portland beds, Wealden 
and Purbeck beds, Chalk and Upper Greensand. The dis- 
trict is traversed by anticlinal folds, with steeply inclined 
northern limbs. In the neighbourhood of the great Ridge- 
way fault, which marks off the southern boundaiy- of the 
chalk, the beds are vertical and disturbed. 

The outcrop of the main oil shale has been traced from 
Portisham to Upway ; but further to the east, and as far as 
Poxwell and Preston, its continuation has not been demon- 
strated by field-sections, although there are adequate data at 
hand from which it can be located. Poxw^ell Circus is a 
hollow denuded area in the crest of an anticline and sur- 
rounded by an escarpment of Portland stone. It is esti- 
mated that the depth of the oil shale is from 450 to 500 ft. 
below the centre of the Circus, At Black Head, west of 
Osmington Mill, the outcrop of the oil shale can be traced 
for a few hundred yards ; and similar beds can be seen 
exposed in the face of Burning Cliff, which forms the eastern 
side of Ringstead Bay. Oil shale is also visible at Castletown, 
on Portland Island. 

In August, 1917, several boreholes w^ere started by the 
Ministry of Munitions near Corton, and the following results 
are recorded in the reports referred to in connection with 
similar investigations at Kimmeridge — 


DETAILS OF BOREHOLES AT CORTON 



Depth. 

Depth to Bottom of 
Principal Oil Shale. 

Thickness of 
Principal Oil Shale. 


ft. 

in. 

ft. 

in. 

ft. 

in. 

Borehole No. i . 

6s 

I 

54 

8 

2 

0 

„ No. 2 . . . 1 

II 6 

7 

102 

0 

2 

0 

,, No. 3A 

42 

0 

24 

9 

I 

9 

„ No. 4 . 

104 

3 * 

100 

S 

2 

I 
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RESULTS OF SAMPLING AND TESTING GORTON SHALES 



Thickness 

Mined. 

Volatile 

Matter. 

Oil. 

Ammonium 

Sulphate. 

No, I Borehole — 

Overlying Shale and Main Bed con- 
jointly ..... 

ft. 

6 

in. 

9 

per cent. 

i 6'4 

gal. per ton 

15*5 

lb. per ton 

II-9 

Overlying Shale and Main Bed con- 
jointly ..... 

4 

2 

i 8'9 

iS -8 

17-3 

Main Bed ..... 

2 

O 

29 'S 

25*5 

28-5 

No. 2 Borehole — 

Overlying Shale and Main Bed con- 
jointly ..... 

6 

8 

13-8 

iS -4 

II-8 

Overlying Shale and Main Bed con- 
jointly . . . . . 

' S 

3 

15*4 

16-3 

12-0 

Main Bed ..... 

2 

O 

22-75 

28-1 

14*6 

No. $a Borehole — ■ 

Overlying Shale and Main Bed con- 
jointly . . . . . 

1 

1 6 

0 

14*5 

13-9 

! 14-6 

Overlying Shale and Main Bed con- 
jointly .... 

4 

I 

i6-4 

i6-3 

i6*2 

Main Bed . . . 

I 

9 

25*9 

29*9 

23-3 

No. 2 Borehole — 

Overling Shale and Main Bed con- 
jointly . . . . . 

8 

I 

i6-8 

13*4 

! 

i8-o 

Overlying Shale and Main Bed con- 
jointly . . . . . 

S 

3 

19*4 

15*7 

i 8-3 

Main Bed ..... 

2 

I 

33*5 

29-1 1 

26-1 

No, i Incline Shaft — 

Overlying Shale and Main Bed con- 
jointly . . . - . 

5 

10 


14-6 


Overlying Shale and Main Bed con- 
jointly . . . . . 

3 

lO 



i6‘0 



Main Bed . . . . 

2 

o 

— 

27-6 



ESTIMATES OF OIL SHALE AT GORTON 




1 

Shalk. j 

Oil. I 

Ammonium Sulphate 


Thick- 

ness. 

Tons 

Total Tons 

Gall. 

Total Gall. 

Lb. 

Total lb. 



I 

1 if^re. 

' in 1,500 ac. 

1 

Ton. 

in 1,500 ac. 

per Ton 

in 1,500 ac. 

1 

Main Bed, 

L. 

ill. 







with in- 









ferior shale 

2 

0 

3.500 

5,000,000 

28*0 

147,000,000 

26-3 

61,500 

* i 

4 

0 

8,300 

12,000,000 

— 

— 

— 

— 


5 

0 

10,300 

16,000,000 

16-3 

253,000,000 

I5-I 1 

105,000 

if 

6 

0 

12,000 

18,000,000 

iS-0 

271,000,000 

13-2 j 

106,500 

if 

8 

0 

17,700 

25,000,000 


— 

— 1 

— 

i> 

10 

0 

21,000 

32,000,000 

14-0 

442,000,000 

13-0 

183,000 




Fig. 33. — Mount Logan, near Debeque, Colorado, Composed of Shales of all Grades 
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In an analysis by Berry, the sulphur in the main bed, 
Cotton No. 2, amounted to 5-57 per cent {see table at foot 
of page 157). 

The minerals known as torbanite, cannels, etc., although 
existing in this country in large quantities, occur in the coal 
measures and are difficult to obtain unless arrangements are 
made with colliery owners. Mr. E. H. Cunningham-Craig, in the 
Petroleum Year Book, 1923, on this subject, remarked that 

Research quickly proved that the most hopeful and the 
most rapidly realizable method of obtaining oil lies in the 
retorting of these materials. The geological staff of the 
department visited practically every colhery in the country, 
and it was found that the quantity of valuable material at 
present neglected, whether mined and treated as waste or left 
in the mines, is enormous. In addition much valuable informa- 
tion was obtained about unworked or abandoned areas 
where valuable retortable material exists. In some cases 
it was necessary to descend the mines, but in most cases a 
study of the belts and waste heaps, and the cross-examination 
of managers, foremen, and miners was sufficient. Conserva- 
tive estimates of available supplies were collected from each 
district and material selected for detailed examination. The 
detailed work consisted of microscopic examination, which 
resulted in the discovery of many important points and enabled 
a classification of all retortable materials to be made. Then 
came chemical analyses, and finally large-scale retorting tests 
were made of several tons of each deposit selected, to ascertain 
what conditions of temperature, etc., would give the best 
results in each case. The results were obtained and a complete 
record kept.” 

''This work resulted in the discovery that torbanites are 
much more common than had been previously supposed, while 
the various qualities of gas, splint, and cannel coals, as well as 
various other valuable materials known by local names such 
as 'batts,' 'jacks,* 'gees,* ' rattle- jacks,* 'rums,* etc., 
were recognized, classified, and their potential yields of oil 
determined.” 

The average production of oil from the material selected 
for treatment was from 33 to 35 gallons of crude distillate per 
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ton, and from this distillate at least lo per cent of petrol can 
be obtained by refining. 

Oil shale is deposited in enormous quantities in the United 
States, the chief of these being in Colorado and estimated by 
the United States Bureau of Mines to cover an area of 900,000 
acres. The deposits of north-west Colorado, Green River 
formation, are stated to exceed in average richness per acre 
that of any other deposits in America and probably in the 
world. Shale is indeed a mineral which occurs in greater 
or less quantity and quality in every country, but many of 
these are not profitable to work on account of their geological 
position and their poorness in oil content. 

Among the deposits which have come into notice recently 
are those of South Africa, Nova Scotia, Esthonia, and 
Australia. 

South Africa. 

The oil shale deposits so far discovered crop up in various 
isolated spots in the largest coalfield in theTransva^, extending 
nearly from the Wilge River, Swaziland, on the one hand, 
and from Volksrust to Middleburg on the other, and generally 
referred to as the Great Eastern coalfield. The principal 
deposits of oil shale discovered occur in the Ermelo district, 
between Ermelo and Carolina, but they also exist between 
Ermelo and Wakkerstroom, and to a less extent, in the 
Middleburg district. 

In the Ermelo district, torbanites are interspersed generally 
among veins of highly bituminous coal, with a clear cleavage 
from the latter. The torbanite yields on distillation from 
135-140 galls, per ton, and the coal from 20-30 galls, per ton. 
For industrial purposes, the coal and torbanite treated 
together would yield between 50 and 60 galls, per ton of 
material. Of this material, there exist particularly large 
areas already developed ; and of pure torbanite it is esti- 
mated there are available on one property alone 8,000,000 
tons, and of coal, approximately 100,000,000 tons. Of 
these quantities, about 25,000,000 tons are opened up for 
mining. 

Distillation work on the coal has already been commenced 
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in India, whence the coal is shipped, and both briquettes and 
ovoids are being made from the residue fuel. 

The residue from the combined torbanite and coal, and 
yielding 6o gaUs. of oil, provides an ideal material for 
briquetting, giving a high calorific power and being entirely 
smokeless. 

The total area of oil shales and torbanites in South Africa 



Fig. 34. — Section Showing Occurrence of Coal and Torbanite 
AT Ermelo, Eastern Transvaal 


is sufficiently large to provide the requisite quantities of oil, 
motor spirit, etc., for the Union for generations to come. 

The nature of the occurrence of these minerals in South 
Africa is so remarkable that we think it is of sufficient 
interest to illustrate this. 

"The Australian shale occurs along with coal in similar 
manner to that at Ermelo, but is generally thicker, running to 
a thickness of over 6 ft. in many instances. On distillation, 
the Ermelo crude oil yields the following percentages of 
finished products: naphtha, 3-9 per cent; paraffin oil, 26-3 
per cent; lubricating oil, 307 per cent ; paraffin scale, iot 
per cent. 

New Brunswick. 

The New Brunswick shales are somewhat similar in character 
to those of Scotland, the strata embodying the seams belonging 
to the rocks of the upper Devonian system which is overlaid 
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by rocks of the low carboniferous series. Large deposits have 
been proved in Albert and King's counties. The seams of 
diale in some parts aggregate a thickness of 200 ft., and analyses 
have proved that the best shale yields from 40 to 50 gallons of 
crude oil per ton and from 77 to no lb. of sulphate of ammonia 
per ton. 

Nova Scotia. 

In Nova Scotia the deposits are of the torbanite description 
and are of great extent. An estimate places the deposits in 
and around McLeUan's Brook at 100 million tons of shale 
readily accessible by mining or open-cast working over an 
area of 2,000 acres. The field itself extends over an area of 
10,000 acres and the most recent investigations indicate that 
no less than 2,000 million tons of torbanite are available. 

Analyses have shown that the crude oil yields from various 
samples range from 38-I gallons to over 60 gallons per ton of 
material. 

The following results of a distillation run of crude oil from 
this torbanite compared with Mexican crude oil is given as 
follows — 


TEST OF OIL SHALE 


Specific gravity, *852. 

Distillation run, compared with crude petroleum — 


Temperature. 

Shale Oil. 

Mexican Crude. 

Mexican Crude. 

°F. 

0/ 

/o 

0/ 

/o 1 

0/ 

/O 

142 

— 

I.B.P. 

— 

152 

— 

— 

I.B.P. 

180 

I.B.P. 

— 

— 

221 

5-0 

3 

— 

284 

6-5 

5*0 

— 

350 

10*5 

11*0 

— 

374 

12*0 

13*0 

14-0 

400 

14*0 

15*0 ! 

— 

437 

I9-S 

17-5 

— 

460 

21*0 

21*0 

29*0 

500 

2S‘S 

24*0 

— 

560 

34*0 

30*5 

52*0 

600 

39*0 

46*0 

59*0 

Water 

•5 

— 

5*0 

B.S. 

•3 

•75 

— 

Sulphur 

— 

— 

! 


i 
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Australia. 

The oil shales of Australia are extensive and well known, 
although these are not being developed at the present time, 
though no doubt, with the introduction of the modern low 
temperature retort, work will be recommenced. The average 
yield of oil from the shale in 1922 was about 100 gallons to the 
ton, 24,728 tons yielding 2,535,369 gallons. 

Esthonia. 

The oil shales of Esthonia occur in the Cambrian, Silurian, 
and Devonian formations, and in a paper read by Mr. E. H. 
Cunningham-Craig before the Institution of Petroleum Tech- 
nologists some interesting data relative to the shales in the 
northern part of the country are given. 

The Cambrian is only exposed, he remarks, along the 
northern coast and along river valleys. Practically the full 
thickness has been proved by borings, and a typical section is 


as follows — 

Ft. 

Dictyonema shale ...... 3 

Glauconitic sandstone . . . . .11 

Dictyonema shale . . . . . -30 

Sandstone ....... S3 

Clay (variegated) . . . . . .150 

Conglomerate and sandstone . . . 340 


617 ft. 

From a series of analyses made in the Central Laboratory of 
the Esthonian Republic, the composition of the mineral matter 
is given as follows — 

% 

Silica ....... 32*74 or less 

Alumina ....... 15*76 n 

Iron oxide . . . . . . i*6S „ 

Lime (or Calcite) ...... 49*64 or more 

99*82 

This is a very high percentage of lime, almost all of which 
may be put down as fossil debris. Other analyses of dried 
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material give magnesium and sodium and potassium, taken 
together, 0*4 per cent, and water, 1*2 per cent. 

There is a distinct resemblance, so far as conditions of 
deposition are concerned, between the oil shales of Esthonia 
and those of Dorsetshire and Norfolk, except that in these 
cases the environment was argillaceous rather than cal- 
careous, and the resulting shales muddy with occasional sand 







Fig. 36. — Surface Exposure of Torbanite, Nova Scotia 

The volatile percentage has been given as anything between 
52-5 per cent and 65 per cent, while '' coke '' or '' fixed carbon 
is stated at from 5 to ii per cent. The reason for these differ- 
ences is that if quickly subjected to a high temperature destruc- 
tive distillation takes place with the deposit of free carbon; 
later, at a higher temperature, the free carbon, finally divided 
and closely associated with calcium carbonate, reacts with it, 
giving off carbon monoxide and thus increasing the volatile 
percentage, which, of course, also includes the moisture 
present. 

From the data available it seems that we may take 
the average volatile percentage at from 54-56, which is 
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extraordinarily high for a shale. Analyses of the organic 
contents by different authorities give the following — 


Carbon 

Hydrogen 

Nitrogen 

Oxygen 

Sulphur 


% % 

70 52 72*83 

7*20 S .66 

0*30 0*68 

21*98 16*24 

— i*6o 


The sulphur percentage, i*6o, is not high for such material 
and compares favourably with Dorset and Norfolk shales. 
The shale has been tried in many forms of retort with varying 
results, but from the writer's experience of the tests made, he 
is convinced that the best results cannot be obtained in any 
vertical retort, with or without steam. Perhaps the most 
unsatisfactory attempt at distillation of this material is that 
in a German vertical retort now in operation in Esthonia. 
It yields from 40 to 50 gallons per ton of an oil of 0-98 sp. gr., 
a yield in works practice of between 70 and 80 gallons per ton, 
and a crude oil not higher than 0-93 sp. gr. can be counted upon 
with confidence. 

It is interesting to note that shales in Esthonia have been’ 
used in a pulverized form for fuel purposes by being blown 
into a rotary furnace, It is stated that the Esthonian cement 
factories have been using no other fuel for the last two years. 

Italy. 

In Italy ^ there are considerable deposits of easily accessible 
bituminous shale in the province of Messina in Sicily. In 
Germany there are extensive deposits in the Rhine provinces, 
in Hesse, Wurtemberg, Baden, and Bavaria. Oil was obtained 
from these in the past, and the industry only drooped in com- 
petition with the United States. Should their production fall, 
and we contend that it is practically so doing, all these deposits 
which are said to have averaged a production of 16 gallons to 
the ton, now by modern methods largely to be increased, 
should again re-open with very beneficial effects to civilization 
and profit to the country concerned. 

^ Paper read by Mr. E. H. Cunixinghara- Craig and Admiral P. W. Dumas, 
International Oil Congress, Paris, October, 1922. 
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Spain. 

In Spain there are immense deposits only to be computed 
in hundreds of millions of tons. The yield in the past has 
been small (stated to be but nine gallons to the ton), but this 
in any circumstances is ridiculous, and modern methods are 
certain very largely to increase it. 

Sweden. 

In Sweden the deposits are estimated to contain over 5,000 
millions of tons of a valuable type. 

Switzerland. 

In Switzerland there are huge deposits of oil sands and 
bituminous and carbonaceous shales, tests of which give 14 
to 15 gallons of oil per ton, and other reports give a yet higher 
yield. Surely, with latter-day methods, here again is a field 
to be commercially exploited. 

Jngo-Slavia. 

In Jugo-Slavia oil shales are reported to occur on a large 
scale and of a highly valuable nature, report speaking of 45 
gallons of oil to the ton. 

France. 

The deposits of the Saone-et-loire Department, in the basin 
of TAutunois, are, says M. Brunschweig, the most important, 
and are the only ones actually exploited. They are situated 
in disturbed permian carboniferous strata, and some 20 beds 
of from I metre to 4 metres in thickness are exploitable, The 
ton of shale yields 90 litres of crude oil and 12 kilogrammes of 
sulphate of ammonia. The area of the field is 8,000 hectares. 
The production in 1913 was 127,000 tons, but in 1921, 63,000 
tons only. The deposits in AUier, in the valley of the Aumance, 
are rather irregular, and from i metre to 2*20 metres in thick- 
ness. The yield is 70-80 litres of crude oil and 8 kilogrammes 
of sulphate of ammonia per ton. The production was 60,000 
tons yearly before the war, but has now ceased. In the Var, 
in the Frejus Valley, there is an exploitable deposit 1*50 to 
2*00 metres in thickness. In La Vendee, in the Faymoreau 

12— (5112) 
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basin, there is a little explored layer of oU shale 2 metres 
thick. In Ardeche are the two Vaghas deposits, each i'5o 
metres in thickness. The extent of the deposits is being 
explored. In Cantal there are the Vendes shale beds, which 
are almost vertical and about 10 metres in thickness. Little 
is known of the extent of these deposits. The total reserves 
of French oil shale, taldng into account only the best-known 
and most accessible deposits, are estimated at about 50 million 
tons, of which more than half are situated in the basin of the 
Autunois. 

Russia. 

The oil shales appear in Russia in many formations, but 
mainly in the Jurassic. The principal districts in which they 
are found are the middle and lower Volga valley, and the 
district between this and the Ural river. This district com- 
prises the most important shale deposits, which are at Simbirsk, 
and those at Sysran and Obshe Syrt. The Simbirsk deposits, 
in the lower Volga beds, occupying the area of the Volga- 
Swiagi watershed, are almost horizontal, and are covered by 
.more recent sedimentary rocks. They extend from 7 km. 
about Simbirsk for a distance of 30 km., and are found in dark 
clayey shales, interbedded with clayey loam. Above the shales 
lie the Glauconite sands and phosphorite layers of the upper 
Volga beds. The amount of shale is estimated at 20,000 
million poods. The content of volatile matter is 20-33 
cent, and the yield is on an average 10 per cent of oil. Deposits 
of less magnitude are found at Buinsk-Sergatsh, Sysran, 
SheguH, and Obshe Syrt. Oil shales are also found in the 
middle Jurassic formation in the Ural River district, in the 
tertiary of the Volga-Kama district, in the Viatka-Vologda 
district, and the western slopes of the Ural Mountains (Devonian 
and carboniferous). The Volga shales of Simbirsk and Sysran 
have been exploited since 1920. 

Chile. 

Large deposits of shale are also found in Chile on th< 
Argentine frontier, estimated to amount to 18,000 miUioi 
tons, The yield of oil is not so good as in the shales already 
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referred to, averaging over 19 samples tested i6-S per cent, 
the lowest being 12 per cent and the highest 24-5 per cent. 
The crude oil has a gravity of *924, but after drying the shale, 
the specific gravity of the oil was *887. 

The oil shales of Chile occur chieflj^' between the Cretaceous 
and Miocene formations. The deposits near Pular, from which 
nineteen samples were taken and distilled, showed that the 
oil contents of the shale were as follows — 


OIL CONTENTS OF 19 SAMPLES OF SHALE OBTAINED 
BY DIRECT DISTILLATION 


No. 

( 

Oil. j 

No. 

Oil. 

No. 

Oil. 


0 / j 


0/ 


0 ' 


/o 


,0 

! 

0 

I 

20 j 

7 

12 

i 13 

U 

2 

is -4 ; 

8 

14*4 

1 14 

16 

.3 

l8-8 ; 

9 

24*5 

15 

16 

4 

16*5 i 

10 

24*0 

i 16 ; 

24 

5 

14*2 1 

II 

17*0 

17 ' 

I 4‘5 

6 

i8-2 ! 

12 

14-4 

iS 

12*0 


i 

1 



19 

12*5 


The fractional distillation of the crude oil carried out by 
Mr. Oswald H. Evans, of Valparaiso, gave the following 
results’ — 


Below 100° C. . . . . . . .8 

100° C.-i5o° C. ....... 12 

150° C.”200° C, ....... iS'O 

200° 0.-350° C. ...... . 30*0 

250° 0.-300° C. ...... . 38*0 

Residue in retort, solid and pitch-like on cooling . 4*0 


1 00-0 


The heavier fractions are rich in paraffin wax. 

American Distillation Practice. 

The evolution of oil shale distillation plant in the United 
States is traversed by Dr. David T. Day, and indicates 
clearly the weakness of early methods and the lines on which 
the modern retort is being designed. 

Processes for the retorting of American shales, he states, 
may be grouped under three classes : First, those, like the 
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Scotch retorts, which deal with the fall by gravity of the shale 
in some vertical form of retort ; second, those of the screw- 
conveyor type, in which the shale, heated in a horizontal tube, 
is carried along by a screw conveyor or system of paddles or 
some similar form of propulsion — such systems were successful 
in the United States as far back as 1850 ; third, those retorts, 
usually horizontal, which resemble the modern cement roasting 
kiln, consisting of a revolving cylinder, usually provided with 
a helical arrangement on the interior surface, by which the 
shale is propelled by the revolving of the retort itself. The 
shale is heated externally or internally, the oil being extracted 
in the time of passage from the inlet end to the outlet. 

It is interesting, in this race for success, to note that a 
representative of each class has emerged from the mass, and 
that all three classes have representatives which are nearing 
the finishing point. Thus, the example of the Wedge roasting 
furnace, originally designed for the oxidation of copper sulphide 
ores, pyrite, etc., has been made to evolve several forms of 
shale furnace, of which the Day-HeUer and the National, the 
Hartman, the Trent, and other similar furnaces have been the 
farthest developed. These are vertical furnaces, in which 
the shale enters at the top, falls by gravity, and is taken awaj 
as spent shale at the bottom. They all try, however, tc 
prevent the choking of the retort by the device of introducing 
shelves, which either revolve or are fitted with revolving arms 
so that the shale falls from one shelf to the other, and mud 
space is left between these shelves for the free upward flow o' 
the vapour and gases formed. 

In spite of the successful use of conveyors of the helica 
screw type and other forms of conveyors in the old days 
before the advent of oil from wells, these horizontal retort 
did not meet with favour in Scotland, and they have been sub 
jected to two kinds of adverse criticism in the United States 
The first objection was due to ignorance 'of the fact that if ; 
screw conveyor propels shale through a horizontal tube, th 
least amount of plasticity tends to make the shale stick at som 
part of the journey. A very shght blocking of the tube^ b 
this means is amply sufficient to stop the screw, when the stid 
ing immediately becomes an insuperable obstade. The retoj 
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must then be shut down, and the shale taken out by hand 
with great loss of time and energy.. Aside from this liabnitv 
ot the shale to stick and thus clog the tube, there is the difficulty 
+1 horizontal tubes in any economical way by which 

he How of heat from the products of combustion through the 
ircjii tube into the shale is sufficient for the distillation. It has 
become obvious that any tube over lo in. in diameter can only 



Fig, 40. — Oil Shale Deposits, Kentucky 


be heated with extravagant waste of fuel. On the other hand, 
tubes smaller than this, with greater heating efficiency, will 
only take a very thin line of shale, and the throughput is not 
sufficiently great to be interesting. 


Cement Kiln Type. 

Concerning the cement kiln type of shale furnace, of which 
the Ginet is a typical example, this is usually heated from the 
outside, and being comparatively large in diameter, exposes 
too little heating surface per ton of shale for economical 
results. Other t3rpes, as in a modern cement kiln, are heated 
internally. In such a system the entire gaseous products of 
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combustion, usually from an oil burner, pass through the 
shale itself, heating it quite efficiently. The products of com- 
bustion pick up the volatized oils, water, etc., from the shales 
and carry them through to condensers, which are supposed to 
scrub out the oil vapours. 

The doom of these processes is, in the writer's judgment, 
sounded by the fact that in most cases 20,000 cu. ft. or more of 
products of combustion, together with the permanent gases 
formed in the distillation of the shale, will traverse every ton 
of shale and go out charged with the oil vapours. The diffi- 
culty of successfully condensing out the oil from this enormous 
amount of permanent gas is as yet unsurmount able, the result 
being that should the effluent gases contain no more than one- 
half gallon of gasolene per 1,000 ft. of gas, there would be a 
waste of practically all the gasolene which a shale oil would be 
able to furnish. Thus it is easy to see the loss of at least 
10 gallons of gasolene per ton of shale. An extremely costly 
system of condensation, either by compression and cooling or 
by absorption, would be necessary to recover this amount of 
gasolene. It does not seem reasonable to the writer that good 
results can be expected when the shale vapours are exposed 
to any such volume of permanent gas. 

No one can yet predict whether the Wedge furnace, or 
vertical retort, as exemplified by the retort of the Day Engineer- 
ing Company and the National retort, wiU prove more efficient 
than the screw conveyor method of heating. It seems probable 
that other features must now enter into consideration, and 
that these will eventually determine the superiority of one 
form over the other. It is obvious that economy of fuel is 
the crux of the whole matter. There have been cases beyond 
doubt in the United States where the fallacy of a process has 
been evinced by the necessity of burning a barrel and a half 
of oil to distil a barrel of oil by the process in question. Fuel 
economy is seldom considered in the experimental stage. It 
is summarily dismissed in most cases by the statement that 

the permanent gas obtained is amply suffiicient for the fuel 
requirements of the process.'' And this statement is made 
usually on the basis of pure assumption, with no quantitative 
data applicable to a retort of commercial size. And yet the 
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experience of 75 years of steady technologic progress in the 
Scotch oil-shale fields has failed to develop any retorting 
system which could safely rely upon its permanent gas as its 
sole source of fuel. In this regard, one must remember the 
sagacity with which the Scotch have continually improved 
fuel efficiency, often to the extent of dropping the spent shale 
from the distillation zone directly at its high distillation 
temperature into a gas producer zone, where, with the aid of 
steam, as in the Pumpherston process, the residual carbon is 
immediately converted into carbon monoxide and hydrogen, 
and this, sweeping out the vapours from the upper portion, 
has carried these vapours forward to the condensation 
apparatus, mixed with as much as 14,000 to 16,000 cu. ft. 
of combustible gas per ton of shale put through. The writer 
can speak with authority after the experience some years ago 
with the erection of a Pumpherston furnace in the United 
States » While he came near achieving fuel independence 
through the permanent gases produced, this goal was never 
reached. 

Use of Spent Shale. 

On the other hand, the simple expedient developed by the late 
Mr. J. H. Galloupe was to the effect that when the American 
shales of the Green River type are retorted in a vertical retort 
of his construction, and the spent shale dropped into a com- 
bustion chamber, the hot shale took fire as soon as it came 
in contact with the air. It burned readily, on account of its 
porosity, and gave ample heat for the distillation of the shale. 
The effect of this upon American experimentation was immedi- 
ate, and many others, including the writer, are applying with 
good results the simple method of burning these porous spent 
shales under the retorts. The effect has been to give pre- 
dominance to the small horizontal tube, in connection with 
which it is a simple matter to pass the spent shale along on a 
chain stoker underneath the long horizontal retorts. The 
products of combustion are applied at once to heating the 
horizontal tubes, which usually number six or twelve. They 
are arranged vertically above each other, the shale dropping 
from one tube to the one below it, and finally to the 
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ombustion chamber. A modification of this in the Day plant 
rill be referred to later on. 

The Catlin plant, at Elko, Nevada, is in a class by itself, 
t utilizes a shale which yields an unusually large percentage 
)f paraffin wax. Dr. Alderson describes the plant as follows ^ — 

“ The underground development consists of an incline 
LOO ft. long with drifts at each hundred feet extending 500 ft. 
lach way from the incline. The daily production is 100 tons. 
Two new circular vertical retorts, each 14 ft. in diameter and 
17 ft. high, are now in operation. The surface equipment 
ncludes an 8,000- and a 6,000-barrel tank for crude oil, two 
»oo-barrel stills, a refining plant using the standard acid and 
oda method, and a wax plant. The shale yields 40 gallons to 
he ton of oil, The products are gasolene, lubricating oil, and 
vax." 

leat Exchanging System. 

The chief obstacle in distilling oils from shales is due to the 
)oor heat conductivity of the shale itself. With shale broken 
.0 2-inch diameter, or even smaller, the surface of each frag- 
nent must be heated far beyond the distillation temperature 
f the heat is to reach the centre of the fragment rapidly. It 
)ccurred to the writer that the cold raw shale might be 
conveyed through a series of tubes exterior to the furnace and 
hat the oil vapours from the retoi't could be passed over and 
hrough the raw shale, heating the shale and cooling the vapours. 

D. T. Day System. 

This, as built and in operation at Casmalia, California 
Dage 179), consists of two series of six horizontal retort tubes, 
[2 ft. long and 10 in. in diameter, set in a brick frame in which 
Daffle arches direct the fire along the tubes and eventually to 
die stack. The top retorts are connected to a preheating system 
-)i three tubes, 10 ft. long and 15 in. diameter, slanting upwnrd 
towards the furnace at 10 degrees. The raw shale is fed at a 
regular rate into the first tube through an oil seal. A screw 
conveyor carries it up to drop into the low end of the second 
rimilar preheater, which in turn delivers it into the third, 

^ Colo. Sell. Mines Quarterly, Jan., 1923, 
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thence into the top furnace tubes. Here screw conveyors 
take the shale to the opposite end, where it drops to the tube 
below. It is then conveyed back to the opposite end, where 
it falls to the next tube below, finally falling through a revolv- 
ing valve on to a Laclede-Christy chain stoker. The shale, 
now spent, takes fire and furnishes more heat than desired 
for the distillation. Therefore, a series of half-inch pipes is 
introduced along the lowest retorts to use the surplus heat in 
superheating steam which enters the retort system at the 
bottom. The burned spent shale is carried mechanically to 
a stacker. 

The vapours travel out in the inverse direction to the 
shale, and passing into the preheaters are partially condensed, 
forming a bath of hot oil, through which the shale passes. 
This is most important, as it serves to drive off the large per- 
centage of water characteristic of the Monterey shale. An 
overflow pipe from each preheater takes away the surplus 
oil that condenses. Inasmuch as this so-called Monterey is 
really only oil-soaked diatomaceous earth, the solvent action 
of the hot Hght oil is considerable and extracts much oil without 
the necessity of distilling it. 

The condensation and separation of the water and oil has 
nothing new. The permanent gases are burned to produce 
steam for pumps, etc. In the early stages of the plant a forced 
draught was blown under the grate, and steam injectors were 
used in the rather small stack, but all this has proved unneces- 
sary. The oil as produced contains about 30 per cent of gaso- 
lene (spirit) and a small quantity of crude gasolene is also 
obtained as drips from the permanent gas. 

In regard to the cost of working an American plant by the 
Continental Shale Products Company of Calfornia, Dr. David 
T. Day provides the following table which throws very inter- 
esting light on American conditions in the oil-shale industry. 

ESTIMATED CONSTRUCTION AND EQUIPMENT COSTS 
PER 1,000-TON PLANT 

$ $ 

Mining and Haulage — 

Drills, Mining Equipment, etc 1,500 

Gathering and Loading Equipment .... 3,000 

Conveyance to Crushing Plant .... 10,000 

14,500 
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Estimated Construction Costs — { cont ,) 


Crushing — $ 

Crushing Equipment ...... 13,000 

Conveying and Feeding ...... 12,000 

Electrical Equipment and Installation . . . 3,500 

Transmission Equipment . . . . . 1,500 

Primary and Secondary Bins ..... 30,000 

Screens and Grizzlies ...... " Soo 


Retorting Plant (Equipment and Installation) — • 

Five Sets Double Retorts and Reheaters . . . 75,oot'> 

Transmission ....... 2,000 

Electrical ........ 3.000 

Conveying and Feeding . . . . . . 2,500 

Spent Shale Disposal ...... 1,000 

Condensers and Storage ..... 9,000 


Dreatment, Including Storage — 

Topping Plant ....... 6,000 

Absorption Plant ....... 1,000 


diSCELLANEOUS 

Office ........ .1 ,000 

Look House ....... 400 

Machine Shop and Equipment .... 1,000 


$ 


60,800 


92,500 


',000 


2,400 


Total 

Errors and Omissions 20% 


177,200 
3 S >440 


Grand Total . 


$212,640 


ESTIMATED DAILY COSTS FOR i,ooo-TON SHALE PLANT 


-This estimate is figured for the Casmalia Plant only and includes labour, 
Dower, and supplies for operation and maintenance. 


Mining .... 
Gathering 

Haulage and Grizzly 

Crushing .... 

Retorting 

Spent Shale 

Absorption 

Foreman .... 
Office and Warehouse 
Taxes and Insurance 
Interest at 7% 

Amortization over 25 years 
Depreciation (10 years) 
Miscellaneous 


Per day. 

Per ton. 

$ 

$ 

123*35 

0*125 

52*00 

0*052 

26*75 

0*02/ 

54*80 

0*055 

144*50 

0*144 

30*10 

0*030 

31*00 

0031 

i8*oo 

o*oiS 

15*00 

0*015 

20*00 

0*020 

46-25 

0*046 

27*00 

0*027 

66*50 

0*067 

40*00 

0*040 

695-25 

0-697 

■ 139-OS 

0-139 

■ ?834-30 

? o *836 


Errors and Omissions, 20% . 

Grand Total . 
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Estimated Daily Costs — [cont,) 

$ $ 


Operating — 

S $ 

Labour . 

255*00 

0-255 

Power . 

38-70 

0*039 

Supplies 

170-75 

0*171 

Maintenance — 

464-45 

0*465 

Labour . 

49-50 

0*049 

Supplies 

177-75 

0*177 


227*25 

0*226 

Total Labour . 

304-50 

0*304 

Total Power 

38-70 

0*039 

Total Supplies 

348-50 

0*348 

Total Overhead 

161-05 

0*161 


Total men employed per 24 hours . . 140 


The Day-Heller retort uses both gravity and mechanical 
means to keep the shale moving. The retort shown in the 
illustration (page 51) employs slanting hearths, down which the 
shale moves by gravity. A revolving inner member serves to 
keep the shale agitated and prevents sticking and clogging. 
This type of retort includes most of the factors essential to 
perfect retorting and shows promise of commercial success. 


CHAPTER XV 

LIGNITE 

Probably the largest deposits of lignite in Great Britain are 
hose found in the tertiary basin of Bovey Tracey in Devon- 
hire. This is a roughly rectangular pocket of tertiary strata 
n the valley of the Teign and its tributaries, the, total area 
)eing upwards of I2 square miles. Lightly compacted sands 
.nd gravels and fine clays with a number of lignite beds have 
Lccumulated in this basin to a depth of upwards of 600 ft., 
Lud possibly, in places, as much as 1,000 ft. Only those beds 
)f lignite nearest to the surface have been worked, and that 
lever on a large scale. There are several beds in this neigh- 
)ourhood, but they appear to be splitting up and thinning out 
imong arenaceous sediments towards the margin of the basin. 

A boring made many years ago at Heathfield, towards the 
centre of the basin, proved the lignite series to a depth of over 
)00 ft., and pierced one solid bed of lignite 30 ft. in thickness, 
LS well as many thin beds alternating with clays. There is 
ivery probability of the central part of the basin, over an 
irea of three or four square miles, containing thick and solid 
)eds of lignite, but a series of bore-holes will require to be made 
;o prove the full extent of these carbonaceous deposits. It is 
nteresting to note that montan wax has been extracted in 
payable quantities from this material. 

The only other lignite basin of any great extent in these 
slands is that of Lough Neagh in Ireland. The lough lies 
n a depression in the basalt plateau, and is surrounded by 
ow-lying land formed of tertiary strata. Among these 
:ertiary rocks two seams of lignite have been proved, one of 
vhich is said to attain a thickness of 25 ft. The area is large, 
md has never been fuUy prospected by boring except in one 
.ocality. 

The quality of the lignite seems to be very similar to that of 
:he Bovey Tracey basin, but once again deeper exploration 
nay result in the discovery of more valuable material. 
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In Dorsetshire the tertiary basin contains thin lignite seams, 
which, however, have never been put to any use except locally 
to a very small extent for fuel. 


SURFACE LIGNITES 


Water. 

i 

Fixed 
Carbon. ^ 

Ash. 

1 

Volatile. 

Volatile in 
Residue. 

Crude Oil. 

Sp. Gr. 
of Oil. 

% 

% 

% 

% 

% 

Gall, per ton. 

1 

35-6 

38-1 

20*9 1 

41*0 

13*4 

12*3 

1*000 

37-1 

45-8 

1 

19*2 

35 *<^ 1 

3*0 

17*0 

i *999 

1 


At Halle in Saxony, and Messel, near Darmstadt, there are 
I'Z works, together working over one milHon tons per annum, 
producing 60,000 tons of oil, and 7,000 tons of paraffin wax, 
equivalent to 18 gallons of oil per ton. 

The result of investigations in Germany, and the elaborate 
experiments and methods developed at the School of Mines 
of the University of Dakota, leaves little doubt that the 
extraction of oil, and briquetting of the residues, together with 
the production of gas, has proved to be a great success, the 
composition of the lignite treated being — 


Moisture . 
Volatile matter 
Fixed carbon 
Ash . 

Calorific power . 


% 

12*01 

29*19 

55*00 

3*80 


99*35 B.Th.U. 


The temperature is 500® C. The gas produced from moisture 
is reheated by circulating under the floor of the oven and 
through the coal. After stripping, the yield of gas is about 
10,000 cu. ft., and 13 gallons of oil per ton and 2| lb. of ammonia 
sulphate per ton, the coke, 1092 lb. per ton of coal used. 

Owing to the high pressure employed there is a large amount 
of gas produced and the oil products are fairly acid. The 
use of steam and lower temperature would give a result more 
in keeping with the German jield of 18 gallons per ton. 

The coke is turned into briquettes, using as a binder the 
heavy oils and pitch obtained. The oils give by fractioning : 
150"^ C,, 14 per cent light oils ; 150*^-325° C., 58 per cent heavy 
oils. 
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The residue, 18 per cent, is a hard black pitch used as the 
binder for the briquettes. The composition of the briquettes 
.s — 



0/ 

/o 

Moisture .... 

1*34 

Volatile matter 

7*00 

Fixed carbon . 

. 84*04 

Ash .... 

. . . 7*02 


99*40% 


The calorific power is 14,061 B.Th.U. The pitch C.P. is 
18,000 B.Th.U. The pitch is an oil pitch ; 99 per cent is 
soluble in carbon sulphate. 

France. 

France, not being richly endowed with coal, but possessing 
extensive deposits of lignite, is now being exhaustively exam- 
ined by a Government Commission as to the ways and means 
to be adopted for their active development. The lignite is 
rich in oil which can be distilled, and from the residue obtained 
high grade briquettes can be produced. 

Apart from the deposits known to exist in Alsace, the 
principal French fields were described briefly by M. Brunschweig 
at the International Oil Congress, Paris, 1922. 

The principal fields are as follows — 

The Fuveau Basin (Bouches-du Rhone). The field is 
situated in neocretaceous strata, and has an area of 1,000 
square kilometres. There are three principal regular beds of 
a thickness of 0-5 to 3 metres. The exploitation by shafts 
and galleries is carried on to a depth of about 250 metres. 
The fuel is black, of a bright fracture, and contains 8 to 9 per 
cent of moisture and 6 to 20 per cent of ash. The yearly 
production in 1920 was 665,000 tons. 

The^Basins of the Comtat (Gard, Ardeche, Vaucluse). 
This is** a group of secondary and tertiary basins, the principal 
being the basin of Bagnols, with two to five beds of -50 to 2 
metres thickness ; the lignite is of an earthy appearance, and 
contains 15 to 30 per cent of ash ; the basin of Alais, with 
two or three beds of 0*80 to 4*50 metres thickness, moisture 
content, 10 to 20 per cent, ash content, 13 to 20 per cent ; the 
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basin of Methamis, three beds of o-6o to 1*50 metres thickness, 
lignite dull black, friable, containing 17 to 22 per cent of 
moisture, and 14 to 30 per cent of ash. The total production 
of the Comtat fields in 1920 was 120,000 tons. 

The Basin of Manosque (Basses-Alpes). The strata are 
oligocene and contorted. Three superincumbent beds of 0*50 
to i-o metres thickness. The beds are often greatly inclined, 
water content 3 to 20 per cent, and ash content 15 to 40 per 
cent ; annual production for 1920, 71,000 tons. 

The Landes Basins. First, the Basin of Laluque, in the 
pliocene. A bed i to 6 metres in thickness, lying under 6 to 20 
metres of overburden ; lignite woody or earthy, containing 44 to 
55 per cent of water and 5 per cent of ash •; second, the SamLon 
basin, in the eocene ; two beds of o-8o to 2 metres thickness, 
lignite black and shiny, containing 20 per cent of water and 
10 per cent of ash. Total production of the Landes basins for 
1920, 28,000 tons. 

The Sarladais Basin (Dordogne) . One pretty regular bed 
of 1*50 to 2'0 metres thickness ; 21 to 27 per cent water con- 
tent, and 7 to 15 per cent ash content ; production in 1920, 
10,000 tons. 

La Caunette Basin (Aude,Herault). Very irregular lignitic 
strata ; number of beds irregular, thickness 0*50 to 4 metres 
water content, 2 to 10 per cent ; ash content, 22 to 40 per 
cent ; production in 1920, 3,000 tons. 

There are also the Basins of Larzac (Aveyron), Estevar 
(Basses-Pyrenees), and numerous beds in the Alps, notably 
that of Voglans. The total production of lignite in France 
has been — ^for 1913, 793,000 tons ; for 1918, 1,317,000 tons ; 
and for 1920, 960,000 tons. The Basin of Fuveau accounts for 
70 to 85 per cent of the total. The products of this basin 
resemble coal in many respects. The estimates of the reserves 
of lignite in France vary between 1,000 and 2,000 million tons, 
of which the Fuveau field represents about 50 per cent. 

Low Temperature Plant at Denver, Colorado. 

As reference has been made to this system, it may be well to 
include a short description of what has been done in America 
on the initiative of Mr. Charles A. Hoover. 
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This plant has been constructed in Denver for the production 
f briquettes, gas, light oils, creosote, pitch, and ammonium 
ulphate from Colorado lignites. The briquettes and ovoids 
re of good quality, and contain slightly over 14,000 B.Th.U. 
ler lb. 

The gas evolved is at present in large part wasted, but it 
ould be eventually utilized commercially, or, better still, its 
iroduction considerably reduced by further lowering the 
emperature at which the plant is operated, and in using 
uperheated steam, as wUl be done in a new retort constructed 
)y a Luxembourg firm for the treatment of the lignites of 
he east of France. 

In the heart of Denver’s manufacturing centre the American 
loal Refining Company has four acres of land, upon which it 
las been constructing a plant to commercialize the fact that 
:oal and lignite can be advantageously made to yield, by low 
:emperature distillation, most valuable products, and incident- 
lEy a high-class industrial and domestic fuel in the form of 
briquettes and ovoids (locally called carbonets). 

The intial capacity of the Denver plant is for 500 tons a 
lay, with provision to double the output when required. The 
bvens are in groups or blocks of four, and are of the Belgian 
mproved coke oven type, 36 ft. long, 9 ft. high, and 18 in. 
vide, and are lined with special silica bricks. The walls are 
provided with longitudinal flues, in which the flame and hot 
jases are circulated from gas burners located at the front ends, 
rhe waste heat leaving these flues is used for the steam boilers. 
Only a fraction of the gases evolved is used for heating purposes, 
ind the remnant is passed over again in the ovens through the 
mass of baking lignite, after being superheated in flues beneath 
the floor of the oven. The temperature is raised to 500° C., 
and the distillation period averages about two hours. 

The results recorded, per ton, are as follows ; Irreducible 
gas, 10,000 cu. ft. ; oils and tar, 13 to 14 gallons ; sulphate of 
ammonia, 2|lb. 

The gases and vapours are treated in the usual manner — 
taken by exhauster to scrubbers and condensers supplemented 
by electrical precipitating appliances to remove the non- 
gaseous matter, using electric current at 60,000 volts. The 
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oils and tar collected by distillation yield up to 150° C. 10 to 
14 per cent of light oils ; from 150° C. to 325° C. about 68 
per cent of creosote and heavy oil. The residue amounts to 
about 10 per cent, and is hard, black pitch, very low in free 
carbon. Such distillation, as now carried on in Saxon-Thurim 
gian lignite distillation works, with the addition of superheated 
steam, yields as high as 18 gallons of oils and tar, and the 
nature of the oils is more of a parafiinoid nature, and the volume 
of the irreducible gas considerably less. 

References to the treatment of lignite will also be found in 
Chapter VIL 


CHAPTER XVI 

PEAT 

Peat exists in very considerable quantities in Great Britain 
and Ireland, and many attempts have been made to treat 
this in such a way that it would be suitable for industrial and 
heating purposes. At the present time, however, the treatment 
of peat, due to its large water content, has not responded 
satisfactorily to the methods which have been used. 

In Canada, very extensive and exhaustive researches have 
been carried out upon the peat deposits of the eastern provinces, 
while in Germany and Sweden much practical work as well as 
chemical work has been done. In Great Britain, though 
several attempts have been made on a large scale to deal with 
peat mosses as the raw material for industrial processes, none 
has as yet attained to a commercial success. 

It is the basin peat that is the most valuable’- on account 
of its great thickness and urdformity and, as a rule, the more 
advanced stage of mineralization to which it has reached. In 
low-lying areas such as the Fens and the Eastern Counties there 
are hlso great deposits of peat which resemble basin peat 
in quality. These deposits are all mapped, and details of 
thickness, etc., can easily be obtained, if not already recorded. 

It has been proved frequently that if peat be dried suffi- 
ciently and retorted a very fair 3neld of oils can be obtained, 
besides other organic compounds, while a good but light and 
not very hard coke remains as residue. Fresh peat, that is 
to say, the least modified in structure, will yield alcohol and 
various organic acids during the first stages of distillation, 
but in the latter stages the nitrogenous compounds are decom- 
posed and the distUlate becomes alkaline through the formation 
of ammonia, which can be collected as ammonium sulphate. 
In old and hard peat as much as 2 per cent of nitrogen has been 
recorded, indicating a very high theoretical yield of ammonium 

^ E- H. CuMiingham-Craig ia A Treatise on British Mineral Oil, 

tS-j 
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sulphate, approximately 211 lb. per ton. It is not possible to 
extract the theoretical yield in practice, but possibly two- 
thirds of it might be obtained. This points to the possibility 
of treating certain peat deposits chiefly for their yield of the 
sulphate, and considering any oils obtained as by-products. 
If such a process can be put upon a commercial basis, it would 
be possible to establish retorting works in several parts of 
the country, and to increase the indigenous supply of oil 
considerably. 

An interesting report was made a year or two ago on peat 
from Shetland, which is of exceptional value in that it is high 
in volatile matter and low in ash and mineral matter. The 
nitrogen content was good, while sulphur was low, and in 
carbonizing, peat practically free from sulphur would be 
obtainable. Peat on being carbonized forms an extremely 
good charcoal which can be employed for metallurgical pur- 
poses or as a deodorizer, as well as in connection with the 
decolorization of sugar and other organic products, while it 
is eminently suitable for the suction gas producer. 

If the peat is partially dried and put through a producer, 
large volumes of gas are obtained, which gas could be utilized 
for heating purposes or for operating gas engines. In addition 
to these gas products, 60 lb. of sulphate of ammonia per ton, 
as weU as a tarry oil, may be obtained. The peat could also 
be put through a low temperature carbonization plant for the 
production of crude oil and petrol in addition to the charcoal 
referred to. An analysis of this Shetland peat, carried out 
under the supervision of Dr. J. B. Garbe, shows that it contains 
73-80 per cent volatile matter and 21-43 per cent moisture, 
while the material dried at 105*^ C. shows 66-65 cent 
volatile matter, 3-88 per cent ash, 29-47 per cent fixed carbon, 
1-04 per cent nitrogen, and -70 per cent sulphur. 

The quantity of charcoal recovered per ton of peat amounted 
to over 12 cwt., and of dried charcoal over 6 cwt., or a total 
jdeld of 33*92 per cent of the peat carbonized. The analysis 
of dried charcoal at 105® C. showed that it consists of — volatile 
matter 18-62 per cent, ash 9*95 per cent, fixed carbon 71*43 
per cent, and the nitrogen and sulphur amounted to approxi- 
mately *95 per cent each. The total quantity of sulphate 
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of ammonia obtained from the water produced during car- 
bonization and from the scrubbing of the gas was 16-33 lb. 
per ton of the peat. 

The report made gives details in regard to the oil obtained 
and an analysis of the various oil fractions. 

The gas given of£ from the peat on carbonization amounted 
to about 4,500 cu. ft. of a calorific value of about 500 B.Th.U., 
and this gas, scrubbed with oil, yielded 1*44 gallons of spirit 
per ton of peat carbonized. The spirit had a specific gravity 
at 15^ C. of 0*7885. It is to be noted that this trial was 
carried out with the Tozer retort, that is, at 500° C., and that 
if effected to-day at a lower temperature, i.e. 350-400° C., less 
gas would be evolved and a larger proportion of oil obtained, 
and the oil would have been more of a paraffinoid than that 
referred to. 

The yield of crude oil was equivalent to 23*38 gallons per 
ton of peat carbonized. 


• FRACTIONATION 

% 

Water SS’^o 

I Up to 170° C 2 -i6 

I70°-230°C. ....... I9'8o 

Residue ........ 37 'S 4 


This is equivalent to 15 gallons of water-free oil per ton of 
peat carbonized. 

Analysis of Oil Fractions. 

Fraction up to 170° C. This represents 0-5 gallons of oil 
per ton of peat carbonized. It is a motor spirit and would 
be mixed with the spirit obtained by scrubbing the gas. 
Therefore, the total yield is 1-44 plus 0-5 equals 1-94, or 
approximately two gallons per ton of peat carbonized. 

Fraction 170° to 230° C. This represents 1-63 gallons per 
ton of peat carbonized. It is a light fuel oil. 

% 

Specific gravity at 15° C 

Flash, point . . . . • • . 84 h. 

It contains 22 per cent of phenols. These need not be 
reinoved if it is to be used as a fuel oil. The phenols make, 
however, a useful disinfectant and it might pay to remove 
them, particularly as the calorific value of the residual oil is 
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increased. The amount of phenols represents about i gallon 
per ton of peat carbonized. 

After removal of the phenols the oil has the following 
constants — 

% 

specific gravity at 15“ C. . . . . . 0*8782 

Flash, point . . . . . . . ii2°F. 

The residual oil might be used as a heavy oil, but it is better 
in the first place to remove the paraffin wax. This is rather 
difficult to carry out on a small scale but represents no diffi- 
culty on a commercial scale. The yield is about 10 lb. per ton 
of peat carbonized. 

The peat charcoal could be either briquetted or else gasified 
in a producer to obtain gas for power purposes. A good 
recovery of ammonia would also be obtained — about 45 lb. per 
ton of charcoal gasified. 

On a plant dealing with 100 tons of peat per 24 hours the 
following quantities would be obtained — 



Tons. 

Cwt. 

Qr* 

Lb. 

Charcoal ...... 

33 

18 

2 

6 

Sulphate of ammonia .... 

14 

2 

9 

Crude oil, 1,659 (approximately) 

7 

8 

- 

H 

After fractionation the crude oil would yield — 

Tons. Cwt. 

Qr- 

Lb. 

Spirit, including that obtained by scrubbing 
the gas, 194 gall, (approximately) . 


13 

15 

3 

12 

Fuel oil, 463 gall, (approximately) 

I 


IS 

Residuai oil, 3,784 gall, (approximately) 

18 

II 

2 

16 


If the charcoal were gasified in a producer about 110,000 
cu. ft. of gas of 130 B.Th.U. would be obtained from each ton 
of charcoal and from 45 to 50 lb. of sulphate of ammonia. 

Starting with 100 tons original peat, after low temperature 
carbonization, 33 tons 18 cwt. 2 qr. 8 lb. of charcoal is obtained. 
This amount of residue if treated in a producer should yield 
approximately 3 , 732,143 cu. ft. of gas of 130 B.Th.U., and 
from 13 cwt. 2 qr. 15 lb. to 15 cwt. 0 qr. 16 lb. of ammonium 
sulphate. 



APPENDIX 

OIL FROM COAL, ANTHRACITE, LIGNITE, PEAT, ETC. 

BY “ HYDROGENATION ” 

The production of oil by hydrogenation of organic matter is 
not new. In 1849 Berthelot produced petroleum from coal 
by hydrogenation, and subsequently a good deal of research 
work was carried out in that direction, namely, the production 
of oil of a paraf&noid character by the hydrogenation of heavy 
oils. The treatment of coal and other carbonaceous matter 
by this method has been actively followed in England, Belgium, 
Germany, etc., and Professor Bergius a few years ago created 
quite a stir at a British Association meeting at Edinburgh in a 
paper on the subject. 

The application of what is known as the “ Bergius ” process 
is claimed to be carried out on an industrial scale in Germany. 
The process, in this instance, employs such an abnormally 
high pressure which, together with the temperature used, made 
the work more dangerous than the manufacture of high 
explosives. The operations are conducted within high, thick 
walls, the necessary manipulation being effected by electric 
current handled by operators carefully concealed in a dug-out 
outside. 

The operation consists more or less in treating a certain 
special quality of coal, of which there are considerable quantities 
in England, Belgium, France, and other countries. The coal 
is submitted to the action of hydrogen or of methane, or both, 
under high pressure, 234 to 250 atmospheres, or 3,440 to 
3,675 lb. per square inch, and even higher, and a temperature 
of about 434° C. The initial pressure of hydrogen is 100 atmos- 
pheres, the temperature is gradually increased up to 434“ C., 
where the pressure reaches 234 atmospheres. This pressure 
and temperature is retained for two hours, when the pressure 
falls gradually to 171 atmospheres, and after cooling, the pres- 
sure is reduced to 65 atmospheres. Another charge of hydrogen 
up to 80 atmospheres is then introduced. The temperature is 
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raised to 434° C. and the pressure reaches 205 atmospheres. 
After another two hours the pressure drops to 171 atmospheres, 
and after coohng again it falls to 65 atmospheres. The 
reaction being completed, the composition of the gas (originally 


hydrogen) is, after the first operation — 


Hydrogen. ...... 

% 

68-4 

Saturated hydrocarbons . . . . 

1 3*5 

and the second operation — 


Hydrogen ...... 

0 / 

/o 

II7 

Saturated hydrocarbons . . . . 

75*2 

The liquid obtained is dark and syrupy, with only the mineral 

ashes of the coal remaining in suspension. 

This liquid, sub- 


mitted to a succession of such operations, finally yields light 
hydrocarbons, similar to those of natural crude oh. The 
process undoubtedly indicates that certain coals (not having 
more than 85 per cent of fixed carbon) are susceptible under 
certain treatment of being transformed into liquid hydrocarbon 
material. 

Professor Bergius records the following production from such 
liquid — 

% 

Motor spirit ...... 30 

Heavy oil (suitable for Diesel engines) . . 30 

Heavy oil (to be used as fuel, or to be treated 

again) 30 

Irreducible gas . , . . . .10 

100 


The high temperature and dangerously high pressure 
employed are a great drawback to the adoption of such a 
process, and we believe that the real solution of the matter 
lies in the discovery and use of a proper catalyser, which will 
enable the transformation to be carried out with much lower 
temperatures and pressures. This idea is being developed in 
England and Belgium at the present time, and considerable 
success has already been attained in this direction. We 
have, indeed, obtained particulars from a private fuel research 
station, operating in the neighbourhood of London, of results 
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secured on the lines referred to. These results are the outcome 
of over ten years’ patient and elaborate investigations. 

Liquid Carbonization 

The treatment of coal, lignite, shales, peat, sawdust, etc., 
and any matter of a carbonaceous nature is not only carried 
out by carbonization at low temperature and with the use of 
steam, but involves a more complex and, it appears, successive 
process by which materials of a certain quality are made to 
yield a considerable amount of oil and gas, leaving practically 
only solid ashes. 

The first system is termed “dry progressive distillation” 
and the second " liquid carbonization.” Really astonishing 
results are recorded from these methods applied to all descrip- 
tions and qualities of coal, brown coal, lignite, shales, cannels, 
etc., from England and all parts of the world. 

It has been proved that these materials can be totally 
transformed into oil, leaving only a mineral residue of ashes. 

We have selected from a long list of results the following 
examples treated by the two methods referred to — 




Dry Progressive 
Distillation in 

Test Report up 
to gall, per 
ton 

Liquid Car- 
bonization up 
to gall, per 
ton 

England — 

Shipley cannel . 


56 

60-70 

Newbury, Somerset 


30*2 

90-100 

Dunkerton 


34*2 

SO 

Mells, Somerset . 


31*08 

60 

France — 

Uroz .... 


5 - 22-4 

40-SO 

Le Tresquet 


2670 

60 

Demoulins .... 


31 

70 

Montrambert 


35-40 

60 

Gard, No. i sample 


22*4 

60-70 

India — 

Bikanir brown coal 


26*1 

65-96 

Australia — 

Morwell brown coal (dry) 


. 20-40 

SO 

Canada — 

Middle Fork Old Man River 

Chile — 


30 

70 

Lirqueen .... 

• 

30 

62*72 


194 


LOW TEMPERATURE DISTILLATION 



Dry Progressive 
Distillation in 

Liquid Car- 


Test Report up 

bonization up 


to gall, per 

to gall, per 


ton 

ton 

Brazil — 

Crissiuma .... 

22-30 

70 

San Jeronymo (washed) 

25 

66 

Spitzbergen 

39*2 

55 

Lignite — 

Canada, Galt 

26*8 

66-95 

France, Basses Alpes . 

30 

50-60 

,, Landes 

Vladivostock 

19 

50-60 

26-31*2 

70 

Shale — 



England, Newbury 

25 

50-60 


MISCELLANEOUS ANALYSES 


Average English Coal 


Treated in the Nielsen retort. Temperature, 371° C.-426' 

Tar oil obtained 20 gallons per ton — 

% 

Light oil (up to 180°) 

4*75 

Medium oil (i8o°-230°) 

20*00 

Medium heavy oil (230°-270°) 

14*50 

Pitch ........ 

35-00 

Loss 

1*75 

Derbyshire Coal 


(Unwashed Smalls) 


Approximate analysis of coal — 

% 

Moisture ...... 

S' 3 o 

Volatiles ...... 

■ 24-95 

Fixed carbon ..... 

• 54 - 9 ° 

Asb ...... 

• 14-85 


Results of treatment by Freeman multiple retort- 


% 

Gas (670 B.Th.U.) . . 3-036 

Oil , . . . 11*514 

Water .... 9*900 

Residue . . . 75 * 55 ° 

Maximum temperature, 883° F. (472® C.). 
Production of oil ceased at 820® F. (438® C.). 


lb. 
68-00 
257*91 

221-76 

1692*32 


= 1133*44 cu.ft. 

I -01 sp. gr. 


Brown Coal 
(South Australia) 

Tests carried out by F. Lamplough, M.I.A.E., M.I. Pet. Tech., under the 
supervision of Dr. J. B. Garbe, showed that one ton contains 1307*5 lb. of 
volatile matter, including moisture, and 932*5 of residue in the form of coke. 
Products obtained were — 

Oil 100-2 lb. 

Coke 932*5 lb. 

Water ....... 1207-3 1 ^* 

This is equivalent to 10-2 gallons of oil to the ton. With the whole of the 
moisture removed, this quantity of oil would be recovered from 1032-7 lb. 
of perfectly dry coal, or equal to 22-03 gallons of oil to the ton. These results 
were obtained with the Lamplough-Harper system at temperature 350-400° C. 
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Burmese Coal 

In a Bench, retort. F. Lamplough, M.I.A.E., obtained 22-4 gallons of water 
and 73.3 gallons of oil to the ton by dry distillation. 

tests made with coal of poor quality (BERESFORD SEAM), 
CONTAINING A LARGE PERCENTAGE OF ASH, AND CARBONIZED 
AT BOTH HIGH AND LOW TEMPERATURES ^ 

Analysis of Coal 


% 


Moisture ..... 


1*95 

Volatile matter .... 


19-12 

Ash ...... 


1 1-2 [ 


High 

Low 


Temperature. 

Temperature. 

Duration of test. ..... 

4 days 

4 days 

Temperature taken outside retort 

j i4oo®C. 

( 2562°F. 

\ 978“C. 

1 I793°F- 

Coal carbonized ...... 

43’ I tons 

12*97 ^ons 

Coal carbonized per retort in 24 hours . 

Total gas made, corrected to normal tempera- 

2*69 tons 

0*8 1 tons 

ture and pressure ..... 

495,280 cu. ft. 

94,326 cu. ft. 

Gas made per ton, corrected 

11.491 

7,272 „ 

Make of gas per retort, per 24 hours . 

3o»955 M 

5,895 „ 

Illuminating power. No. 3 Met. burner 

6*33 candles 

9-25 candles 

Sperm value ...... 

249 

230*6 

Calorific value, gross ..... 

441-1 

479*4 

„ „ net ..... 

Total B.Th.U. of gas made per ton of coal . 

395*5 

428*9 

5,068,680 

3,486,196 

Coke per ton ...... 

16*1 cwt. 

15*8 cwt. 

Coke made, per cent .... 

80-7% 

79-1% 


Tar made per ton of coal carbonized (de- 


hydrated) 

. 

. . 6 gall. 

io' 89 gall. 

Sulphate of ammonia made per ton 

of coal 


carbonized 


14*6 lb. 

26-2 lb. 


Analysis of Tar 


Specific Gravity 

. 1*051 at 60° F. 

Specific Gravity . 

. I'036 at 60° F. 

o°-i68°C. . 

• 2-9% 

9°-i6o°C. . . 

• . 5% 

168^-228° C. . 

. 11-6% 

i6o°-240° C. . 

• i 6*5% 

228-268° C. 

• 7-9% 

240°-36o° C. . 

• 27‘0% 



Pitch . . . 

■ 51-5% 

Benzol in tar . 

• 1-51% 

Benzol 

. 1-68% 

Toluol . 

• 0-59% 

Toluol .... 

• 0 - 34 % 


TESTS MADE WITH GOOD COAL (HAIGH MOOR) CARBONIZED IN 
VERTICAL RETORTS AT HIGH AND MEDIUM TEMPERATURES 

Analysis of Coal 

% 

Moisture ........ 2*29 

Volatile matter . . . . . . . 31*64 

Ash 6*37 

^ The temperature at which the second test was made is not now regarded as low temperature , 
and is given for comparison purposes. The character of the oils produced will also be noted. 
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LOW TEMPERATURE DISTILLATION 


Temperature taken at outside of retorts 

Coal carbonized .... 

Coal carbonized per retort in 24 hours 
Total gas made, corrected to normal tempera- 
ture and pressure 
Make per ton, corrected . 

Make of gas per retort per 24 hours 
Illuminating power, No. 2 Met. burner. 

Sperm value ..... 
Calorific value, gross .... 

„ „ net .... 

Total B.Th.U. of gas made per ton of coal 
Coke per ton ..... 

Coke made, per cent 
Tar made per ton of coal carbonized (de 
hydrated) ..... 
Sulphate of ammonia made per ton of coal 
carbonized 


High 

Medium 

Temperature. 

Temperature. 

2 Days’ 

16 Days’ 

Experiments. 

Experiments. 

S I362°C. 

\ Il60°C. 

] 2483“F. 

( 2 I 20 ®F, 

256*35 tons 

1 7*74 tons 

4*17 tons 

2*23 tons 

3,601,796 cu.ft. 

237>3Si cu.ft. 

14,050 „ 

13.387 „ 

60,011 ,, 

14*80 candles 

29,685 ,, 

15*60 candles 

713 

716 

556 

567*7 

504 

522*6 

7,811,800 

7,733.669 

13*57 cwt. 

— . 

67-8% 

— 

i6*o6 gall. 

i 6‘5 gall. 

23*6 

26 lbs. 


CO.^ , 

Hydrocarbons 


O 

CO 

CH 

H 

N 


4 


Analysis of Gas 


% 

2*0 

3*0 

•9 

6-1 

26*4 

S2‘8 

8-8 


Analysis of Tar 
Specific gravity .... 
Distillate, o°— 170^ , 

„ i7o°-230° . 

23 o °-36 o ‘' . 

Residue, pitch by difference 


I’i43 

3-14% 

19-67% 

32-97% 

44 - 22 % 


% 

2 - 9 

3- 3 
1*0 
6-6 

27*31 

50*64 

8*25 


1*072 

4 * 6 % 

21*1% 

31*4% 

42*9% 


Yorkshire Cannel (Perkin) 

Yield of crude oil — 70 gall, per ton of coal carbonized. 

Yield of sulphate of ammonia-V3*2 lb. 

The oil produced, on fractionation — • 

Oil distilling to 170° C. .... 

Fuel oil ‘ ‘ 

There was only a small portion of paraffin wax, which was not estimated. 


Scottish Cannel (Perkin) 

Yield of crude oil-— 37 gall, per ton of coal. 

On fractionation the following products were obtained 

Light oil to 150° C 

Fuel oil , . . 


APPENDIX 


197 


F. D. Marshall gives the following set of results from Tyne Boghead Cannel- 




Gall. 

Oils (dry) per ton carbonized 


S3-S 

Spirit stripped from the gas, distilled to 

x/o® c!, 

Sp. gr. 796 


4*92 

Total oil and spirit .... 

The crude oil, on being distilled, gave — 

Gall. 

58*52 

To 170®, 6% 

. 3'X2 

(Sp. gr., *796) 

i70®-3So®, 67% 

Pitch, 26* 5% 

. 38*00 

The coke production was 70% of the cannel used. 

0/ 


Ash in coke ..... 

/o 

. 20*4 


Volatile matter ..... 

. 8 



The quality of the coke was good, especially for gas producers. 

From a 45 -ton test of a cannel the same authority gives— 

Gall. 

Crude oil 39 (Sp. gr., *840) 

Spirit from gas ...... 5 

44 

Coke (with quenching water) — 1,708 lb. per ton carbonized. 

From a Northumberland cannel of the composition — 


Water 





. 0*5 

Fixed carbon 





* 52*3 

Ash . 




. 

. 20*2 

Volatile matter . 





. 27*5 

,, in coke 

. 



. 

2*6 


there was obtained crude oil 30*67 gall 
settling point 75® F. 


, of specific gravity 0*968, and 


From an Irish cannel (residue gasified) — 

58*5 gall, of oil, 

54*5 lb. sulphate of ammonia. 

58,000 cu, ft. of producer gas of i3oB.Th.'U. 

From Wemyss cannel — 


Motor spirit, ist grade 
„ n 3rd grade 
Intermediate oils 
Fuel oil 
Scale 
Pitch 

Loss in refining . 


A. 

B. 

3*6 

— 


6*6 

7*3 

— 

62*4 

66*7 

5*0 

5.0 

8*7 

8*7 

13*0 

X3‘0 

100*0 

100*0 


Note. — The motor spirit (amounting to 3% of the crude oil yield) absorbed 
in the scrubbers during the distillation of the cannel coal has not been included 
in the above table, 
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Miscellaheous Tests on Cannees 


Boghead Cannel-OU 

% 

Specific gravity .... 

. 0'9i6 

'Water ...... 

• o-s% 

Distilling up to 170° C. . 

• 8% 

„ I70°-230°C 

• 10% 

„ 230’^-270® C. .... 

• 13% (Sp. gr., 0-832) 

„ 27o®---35o®C 

Pitch ...... 

■ 38% (Sp. gr., 0-886) 

• 30*5% 

acids averaged 9% of the total distillate. 

Wemyss Cannel-OU 

Specific gravity .... 

. 0-904 

Water ...... 

- 1‘3 % 

Sulphur ...... 

- I-IS% 

Yield of fuel oil .... 

- 77 ' 0 % 

Specific gravity of fuel oil 

- 0-933 

Cannel-OU 

Specific gravity ..... 

. 0-940 

'Water . . . . 

- 7-0% 

Distilling up to i70®C, . 

- 6-5% 

„ 170^-230° C 

- 8-0% 

,, 230^-270^0 

- 9-5% 

„ ' 270^-330° C 

• 27-0% 

58-0% 


Tar acids averaged 7% of the total distillate. 

Another cannel yielded 37 gall, of oil per ton, which was split up into — 

3% of motor spirit 
9% of intermediate oil 
51% of heavy fuel oil. 

The above assays do not include the light oils recovered from the gas. 
Note. — ^T he above analyses are taken from A Treatise on British Mineral 
J* Arthur Greene, A.M.Inst.P.T, 


German Lignite 


Treated in vertical retort, with steam injected at a German works. 
Yield of oil per ton, 18 gall., the results of fractionating the oil — 


Benzene, 1 3o'‘-'i7o'' C. 

Kerosene, 170^^-220° C. . 

Solar oil, 220°~290° C, 

Paraffin wax, 320° and upwards 


Specific Gravity 
• 7 io-* 78 o 
•7SO~‘S20 
•88o-*9oo 
•880—910 


Norwell (Victoria) Lignite 


Yield of oil per ton, 13 galls. 
Results of analysis — 

Motor spirit . 
Benzene 
Kerosene 
Lubricating oils 
Paraffin wax . 


% 

9-6 

22'5 

19*5 

37*4 

ii-o 


Maximum temperature 400'^ C. with superheated steam. 
(Tests carried out under supervision of Dr. J. B. Garbe.) 
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Analyses of Gases from Various Materials 

The analyses of the gases evolved from each of these fuels at low temperature 
are given as follows ^ — 


Fuel. 

Range 

of 

Heating. 

Loss of 
Weight 
per cent. 

Gas Analyses. 3 




CO2 

CeHg 

C2H4 CO 

Hs 

CH^ Nj 

Wood 

150-188“ 

5 i ’9 

58-6 

0-5 

0-6 35*0 

A 

1*3 3*0 

Brown Lignite. . . 

230-320“ 

26 8 

55-6 

j’6 

i-o 24*7 

0'3 

11*4 6*4 

Black Lignite . . 

260-340“ 

31*0 

49-3 

O-Q 

0-8 rg -5 

Nil 

19*5 tO'O 

Illinois Coal 

300-330“ 

23*7 

24*1 

2-8 

2'2 10*6 

3 '4 

43*3 13*6 

Gas Coal .... 

300-360“ 

12*2 

7-3 

0*5 

r‘4 6-0 

I4'6 

57*4 12*8 

Smokeless Coal 

330-400“ 

ro-0 

6*5 

2-6 

2-3 4*1 

9'7 

53*5 21*3 

Anthracite .... 

230-475° 

0-7 

4*6 

1-3 

0*4 2*6 

Nil 

70*6 14*8 


1 Monograph on the Constitution of Coal, by Marie C. Stopes, B.Sc., and R. V. Wheeler, D,Sc. 

“ The gases estimated as “ benzene ” were in all probability the higher olefins and the “ methane ” 
no doubt included the higher paraffins. 


Low Temperature Oil and Coal Tar 
The relationship between the old low temperature oils and coal tar petro- 
leum may be seen from the analyses on the opposite page ^ — 

Norfolk Shale 
Treated in the Freeman retort. 

% lb. 

Total water .... 13-55 303-52 

Oil 17*95 402-08 

Residue ..... 60-71 1 359*90 

Gas — 3,500 cu. ft. . . . 7*42 166-21 

Loss -37 8*29 

Sp. gr. of oil, *973. 

Quantity of oil per ton of raw shale, 41*32 galls. 

I, M dry „ 47-79 „ 

Maximum temperature at which distillation of oil ceased, 680^ F.(36o° C.). 
Results obtained in Bench retort by F. Lamplough, M.I.A.E. — 

A B CD 

galls, p.t. galls, p.t. galls, p.t. galls, p.t. 

Water 13-4 19 13-44 11-2 

Oil 19*4 31 10-98 37*1 

Forbes Leslie points out^ that the Norfolk shales differ decisively from the 
Boghead and torbanites ; they more nearly resemble the Scotch calciferous 
sandstone shales. The specific gravity of the Norfolk shale is about 1*3. 
The shale yields i % of oil to ether. 


Analysis of Norfolk Shale 



Smithes 

Puny Drain 


Series. 

Series. 

Moisture 

% 

. 9-8 

% 

8-0 

Volatile organic matter 

. 3S-I 

31*7 

Fixed carbon . 

« iS-3 

i6-3 

Ash . . - . 

• 39-8 

44-0 


A Treatise on British Mineral Oil^ by J. Arthur Greene, A.MJnst,P,T, 
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Analysis of the Ash % 

Silica ........ 49*50 

Alumina ....... 20*20 

Ferric oxide ....... 10*27 

Lime ........ ii*68 

Magnesia ....... 1*22 

Sulphuric acid . . . . . .6*30 

Phosphoric acid . . . . . . 0*83 


Kimmeridge Shale 


100*00 


F. M. Perkin quotes the following analyses of Kimmeridge shale and the 


oil therefrom ^ — % 

Moisture . . . . . . .5*02 

Volatile matter ...... 41*20 

Mineral matter . . . . . .44*71 

Fixed carbon ....... 9*07 

Sulphur . . ■ . . . . . . 5*03 

Nitrogen . . . . . . .1*23 


One ton of the shale yielded 64*75 of crude oil, which contained — 

Gall. 


Water 
Dry oil . 

Sulphur in crude oil 
Sulphur in dry oil, circa 


30-25 (45-86%) 

34 - 5 ° 

0 / 

/o 

3-74 

7 


South African Torbanite 


Maximum temperature, 400° C. 


Moisture ..... 
Volatile matter .... 
Ash ..... . 

Fixed carbon .... 
(Tests carried out under supervision of Dr. J. 


% 

0*80 

. 59-70 

. 21*08 

. 18*42 

B. Garbe.) 


= 150 galls, of 
oil per ton. 


South African (E. Transvaal) Shale 
Total yield of free water, 90*6 galls, to ton. Spent shale, 19*75 1 ^* 
Distillation of crude oil carried on to 300° C., and yielded 3*7 galls, of 
kerosene and 10*95 galls, of middle oil to the ton. 

Total spirit yields 5*6 galls, to the ton. 

Spirit fractions c.c. 

50° . . . .2 


60^^ ... 

70° ... 

80° ... 

90° ... 

100° 

110° 

130° 

140® 

150® 

160® 

Spirit fraction when cleaned up will average 
(Tests carried out in Lamplough-Harper 
Dr. Garbe.) 

^ A Treatise on British Mineral Oil, by J, Arthur Greene, 


5 

8 

14 

• 23 

• 47 

. 67 

121 
. 150 

. 185 sp.gr. *720 

• 230 „ *755 

about *730 sp.gr. 

retort, under supervision of 


A.M.Inst.P.T. 


14— (3112) 
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LOW TEMPERATURE DISTILLATION 


Analyses of Oils Obtained from South African Torbanite by 
THE Griffiths and Lamplough Low Temperature Systems 


Griffiths (without steam) 
Yifild of crude oil. lOO gall, to the 
ton. 

Sp.gr. *887 


Lamplough (with steam) 

Yield of crude oil, 147 gall, to the 
ton. 

Sp.gr. *88o-*866 



0/ 

^0 

Sp.gr. 

0/ 

^0 

Sp.gr. 

Spirit 

6*00 

739 

6 

•730 

Burning oil 

24-85 

- 749-812 

36 

*810 

Middle oil . 

6*6o 

*850 

II 

•850 

Lubricating and > 
heavy oil ' 

38-00 

•855-864 

17*3 

•880 

ParalBn wax 

4*00 

solid 

1-5 

solid 

Residue 

20-55 


28*2 

— ^ 


Another sample of oil obtained 
[ollowing on fractionation — 

From 00° C.-i6o° C. 

„ 160° C.”2lO° C. . 

210° 0,-270° C. . 
270^0.-3 10° C. . 

„ 310° 0.-330° C. . 

330° C.~33o° C. . 

,, 350° 0.-365° C. . 

„ 365° 0.-400° 0, . 


by Lamplough process (steam) gave the 

0/ 

/o 

9-20 
. iO’6o 
• I7-.S5 

. 1875 

. 12-50 

. 8*35 

. 475 

. . . 18-30 bitumen and loss 


Coal and Torbanite 

(Kesults of Tests obtained by Professor Stanley) 


Mooifontein — 


galls, 
per ton 

Shale in roof . 

. 

• 7 

Coal 30'^ top 


. 18 

,, bottom 


12 

Torbanite 


. 96 

Sp. gr. of oil from coal 


‘9 

Torbanite 


. 96 

Sp. gr. of oil from coal 


. -9 

„ ,, torbanite 


-82 

Banhop — 

Torbanite {i) 


. 86 galls. 

.. (2) 

- 

• 5 ^ 

Sandklip — 


I 

2 3 

Shale galls, per ton 

iS 

7 18 


Vladivostock Shale 
On dry distillation from 100 grams — 

I 2 

Gall, Gall. 

W^ter . . . 64-9 53-76 

Oil . . . , 1 1*2 20 -i6 
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Nova Scotia Torbakite 
(Distillation test in Lamplough-Harper retort) 
distillation commenced at 230° C., oil ceased to come over at 340® C. 

Total }^ield of oil, 87*5 gall, per ton 
,, ,, spirit, 2*9 gall, per ton 

,, ,, kerosene, 3-7 gall, per ton 

,, „ middle oil up to 300® C., 2*16 gall. 


Spirit Fractions 

50 

60 ..... . 

70 

80 

90 

100 ...... 

no ...... 

120 ...... 

130 

140 ...... 

150 


Kerosene 

160 ..... 

170 . . . ■ . 

180 ..... 

190 ..... 

200 ..... 

'he oil from this shale has a wax basis. 


c.c, 

I 

4 

6 

12 

22 

41 

54 

78 

1 12 
149 

193 (Sp. gr. *741) 


52 

100 

149 

200 

248 (Sp. gr. -800) 


Carbon 

Hydrogen 

Nitrogen 

Oxygen 

Sulphur 


Esthonian Oil Shale 
Organic composition 

I 2 

% % 

70*52 72*82 

7'20 8*65 

•30 *68 

21*98 16*24 

— i*6o 


Volatile matter, 54-56 per cent. 

field of crude oil per ton, 80-84 gall., sp. gr. *950. 


Distillation of Crude Oil 


Up to 120° C. 


% 

7*8 

Sp.gr. 

•758 

120-170 


8*0 

•777 

170-200 


10*1 

•789 

200-240 


11*7 

•831 

240-270 


11*6 

■851 

270-300 


8*5 

•875 

Steam distilled (a) 


9*9 

•959 

.. (b) 


6*2 

*961 

.. W 

Residue 


23’2 

1*000 


3*0 

— 

Laboratory test by the late Professor F. E. 

Weston, B.Sc. 
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LOW TEMPERATURE DISTILLATION 


THE MACLAURIN SYSTEM 

Results Obtained with Different Descriptions of Material 


Analysis of Fuel. 

Canneloid 1 

Bituminous 

Anthracite 

No. I. 

No. 2. 

No. 3. 

Moisture 

% 

070 

% 

2-22 

% 

1-22 

Volatile . . • • . ' 

26*04 

19*02 

672 

Fixed carbon . 

25-52 

26*48 

36-48 

Ash . . . . . ! 

4974 

52*28 

55-58 

Yields Obtained per Ton. | 

Canneloid ! 

Bituminous 

Anthracite 

No. I. 

No. 2. 

No. 3. 

(i) Gas in cubic feet of 150 B.T.U, 

0/ 

/o 

46,767 ! 

% 

69,240 

% 

60,800 

(2) Oil (gallons) 

25*8 1 

6.7 

2*0 

(3) Sulphate of ammonia (lb.) . ' 

8*5 ! 

17*0 

10*3 

Calorific efficiency of test run 

8o*7 

88 

72 


This system is specially suitable where gas is of industrial value. 


RESULTS OF TEST OBTAINED BY THE GLASGOW 
CORPORATION OFFICIALS ON THE MACLAURIN PLANT 
Coal Used During Test 

The coal used during the test was Carron Lower Coxrod coal. It appeared 
to be a well-screened coal with about 70 per cent large lumps, of a hard 
nature and dull appearance, with lustrous streaks. There was a small per- 
centage of bright soft coal, and by its general appearance and composition 
one would expect it to be fairly good coking coal. 


Analysis of Coal % 


Moisture . . . . 

. 770 

Volatile matter 

• 30-50 

Fixed carbon 

‘ 53-70 

Ash .... 

8-10 


100*00 


Sulphur . 



. 0*65 


Specific gravity 



• 1-34 


Calorific value . 



12,300 B.Th.U./Ibs. 



or 27.552 tlierm/ton 

Analysis 

OF Coke 



Large Coke Smithy Char, Peas 

0/ 0/ 0/ 

Breeze 

0/ 

Moisture 

/(> 

2*30 

/o 

2-95 

/o 

3-55 

/o 

5*10 

Volatile matter 

3*00 

3*30 

3-50 

3*30 

Fixed carbon . 

8 i- 2 o 

78*25 

71*95 

58*20 

Ash .... 

13-50 

15-50 

21*00 

33-40 


lOO'OO 

100*00 

100*00 

100*00 

Sulphur 

0*44 




Specific gravity 

I'll 




Calorific value (B.Th.U.) 

12,600 

12,196 

11,283 

9,203 
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Large coke 
Smithy char, . 
Peas 
Breeze . 


Coke Sieving Tests 

% 

, 73*50 

. 10-56 (through I in. mesh) 

6-92 ,, I „ 

9*02 „ i 


100-00 


Distillation Test on Separated Oil 


Moisture . . . . . .1-70 

O°-I20° C 0-64 

i20°-230° C. . . . . . . 5*47 

230^-270° C. . . . . . .14-14 

27o'^--32o° C. . . . . . . 16*08 

320 °- 345 ° C 9*96 

Pitch ....... 48*50 

Loss ....... 3-51 


100-00 


Specific gravity . . . . . 1*032 


Gas Analysis 


% 

Carbon dioxide ..... 6-0 

Hydrocarbons . . . . . i-o 

Oxygen . - . . . . . 0-4 

Carbon monoxide ..... 15-9 

Methane ...... 12*4 

Hydrogen ...... i6*8 

Nitrogen ...... 47-5 


100-0 


Heat Balance 
ton Carron Lower Coxrod coal 


8-05 cwt. large coke 
1*16 cwt. smithy char. 
-76 cwt. peas 
*99 cwt. breeze 
5-60 gal. dry oil — 
1*44 cwt. 

7,731 cu. ft. gas 
Loss 


B.Th.U. 

Therms 

at 12,300 per lb. 

375-52 

Total 

275*52 

at 12,600 per lb, 

. 113*60 

,, 12,196 ,, 

15*85 

,, 11,283 

9-60 

,, 9,203 

10-20 

,, 16,600 „ 

26-73 

, , 247 cu. ft. 

68-50 


31*04 


Total . 275-52 


The thermal efficiency on the test works out at 88*75 per cent. The yield 
f sulphate of ammonia is 17-3 per ton of coal. The coking index of the coal 
ms 13. 


LOW TEMPERATURE DISTILLATION 


;d6 

Actual results when running the plant for smokeless fuel and furnace coke — 
The tests were made at Grangemouth in September, November, and 
)ecember, 1921, and February, 1922. 

The results given below were agreed to by the parties interested. 

Dec., 1921 

Sept., Nov., Glasgow Feb., 



1921 

1921 

Corporation 

1922 ■ 

fature of Coal : Mixture of splint and free coal. 



oking index .... 

13 

X 3 

13 

16 

'hroughput — tons 

200 

200 

100 

106 

,, per day ,, 

17-66 

20-70 

20-88 

18-70 

leasurements on — tons . 

70 

192 

82-80 

106 

Yields 

PER TON OF 

Coal 



rAS 





.ubic ft. . . . 

32,641 

32,447 

27.731 35.882 

l.Th.U.'s per cu. ft. (gr.) . 

247 

230 

247 

237 

■'otal therms .... 

8o-6o 

74.70 

68-50 

85-00 

)IL — 





Gallons, dry . 

II 

16 

15-60 

14*75 

>ULPHATE OF AmMONIA (IbS.) . 

16 

13 

17-30 

26*10 

:OKE 





^arge, cwts. . . . . 

7*54 

8-23 

8-05 

7-16 

Imithy char, cwts. 

1-85 

*83 

1-16 

I-I3 

Breeze ... 

2*04 

1-64 

1*75 

1-13 

Total . 

11*43 

10-70 

10-96 

9-42 

Jteam, per ton of coal (lbs.) 

500 

340 

553 

285 


including two pump.s. 


Extract from Pamphlet Issued by the Ministry of 
Railways, Belgium, Relative to Specifications 
OF Briquettes, etc. 


BRIQUETTES 

General Conditions of the Two Types of Briquettes 

Nature of the Fitch and Quantity} The pitch should be dry 
or semi-bituminous (semi-rich), and should be obtained 
exclusively from coal tar. The amount of water should not 
be more than i per cent, and of ash i per cent, and the dis- 
tillation should be in a closed vessel, in a reducing atmosphere, 

1 It is not absolutely necessary that pitch should be used. Some briquettes 
made with the help of a binder other than pitch will be allowed if the bri- 
quettes, after preliminary treatment, are found to possess the necessary 
qualities, from the points of view of evaporation, of resistance to weather 
conditions, and of cohesion. 
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0 give as residue a turgid coke, the weight of which should 
ot be less than 30 per cent of the orignal quantity treated, 
"he proportion of pitch put into the briquettes should be 
0 per cent maximum. 

Physical Qualities. The briquettes should be well compressed, 
onorous, of uniform weight, and sharp-edged. The fracture 
hould be clean and glossy (bright), the particles should be 
me, pressed and homogeneous. They must be hard, and 
oust conserve all their hardness up to 50"^ C. Their degree 
)f cohesion must be at least 55 per cent and will be determined 
n the following manner — 

Put 50 kilos of briquettes crushed into pieces of about 500 
grammes, into a steel cylinder of 90 centimetres internal 
liameter and i meter long. The cylinder is made in three 
qual compartments by means of longitudinal steel diaphragms, 
)rojecting 20 centimetres. After having introduced the pieces 
)f briquettes, close the cylinder and allow it to make 50 
•evolutions in two minutes. The residue is sifted on a meshed 
jrating (three centimetre meshes), and the weight of the 50 
dlos resting on the grating gives the cohesion. 

Behaviour in the Fire. The briquette must ignite easily 
without splitting ; must burn with a lively, clear flame without 
jiving off sulphurous odours. Briquettes disclosing the pre- 
ience of sticky slag or some fusible clinkers adhering to the 
jrating, will not be admitted. 

Type i 

Nature of Coal. The coal used in the manufacture of No. i 
:ype of briquette must be semi-bituminous (semi-rich), or at 
east quarter bituminous, having a minimum of 13 per cent 
i^olatile matter and forming coke in burning ; it should be of 
recent extraction. 

Composition of the Briquettes. The amount of water in the 
briquettes should not exceed 4 per cent and the amount of ash 
should not be more than 9 per cent. 

Practical and Laboratory Experiments of Schaerbeek. Type i 
briquette should conform to the following experiments, carried 
out on locomotives and in a boiler installed in a laboratory 
at Schaerbeek. 


>o8 LOW TEMPERATURE DISTILLATION 

First Practical Experiment On the journey from Termonde 
:o Anvers G-C. and return by ordinary train type, 415 and 418, 
naking the journey, induding stops, in an hour and 15 
ninutes, and in 51 minutes respectively, the evaporation as 
jiven by one passenger locomotive, type 15, deep fire-box, 
vith a minimum charge of 200 tons and a maximum charge 
)f 250 tons, should not be less than 8 kilos of water per ki.o 
)f briquettes. 

Second Experiment at the Laboratory of Schaerheek. Inde- 
Dendent of the above experiment, briquette type i should 
latisfy the following experiment, carried out at the laboratory 
)f Schaerbeek, in a boiler fixed to a locomotive type 17 or 18, 
;he pressure of that boiler being maintained at 14 kilos per 
;quare centimetre. These briquettes should be able to evap- 
)rate a minimum of eight kilos of water per kilo of combustible 
ised, the temperature of the feed-water being admitted at 15° C. 

Artificial draught will be produced by a steam jet in the 
chimney. The intensity of this draught will be measured by 
:he space in the smoke-box and expressed in millimetres of 
vater. It will be at least 1,500 mm. for type i briquette, 
rhe experiment will be conducted in the following manner — 

Before the experiment the pressure of the boiler will be 
lix kilos and the grating will be perfectly free from all kinds of 
combustibles. The briquettes to be experimented with wifi, be 
3roken into pieces of about 2 to 2*5 kilos. They wiU weigh 
exactly 75 kilos for the purpose of ignition and 600 kilos for 
he purpose of the trial. 

Proceed then to ignite, completely using the 75 kilos ,to 
effect this and using the blower in the chimney to bring the 
)ressure to 13 kilos. As soon as this is attained the experiment 
lommences. Charge 200 or 300 kilos of briquettes and create 
Q the smoke-box a depression of 150 mm. of water, allowing 
he vapour produced to escape in the chimney. 

At the same time note the level of water in the boiler, and 
ommence to raise the quantity of feed-water used. Continue 
0 charge the briquettes in such a manner as to maintain a 
onstant pressure of 13 kilos, maintaining an equal level of 
v^ater, or very little below that existing at the commencement 
f the experiment. 
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When the 600 kilos intended for the trial have been com- 
pletely charged, the movement should be maintained until 
he moment when the pressure descends to 9 kilos per square 
entimetre. Then cut off the depression in the smoke-box, 
,nd if the level of water is a little below that which existed 
t the beginning of the experiment, restore it exactly to its 
irst height. 

Note at this moment the quantity of water which has been 
atroduced into the boiler since the commencement of the 
rial ; that quantity of water is considered to represent that 
vhich has been vaporized by the 600 kilos of briquettes. 

The minimum power of evaporation imposed should be 
hree kilos of water per combustible utilized, supposing that 
he temperature of the feed-water is 15° C. If that tem- 
)erature, at the time of the experiment, differs from 15° C. 
:he figure obtained should be modified in a manner similar 
;o that which has been indicated for the trial in- a fixed boiler 
vith small coal. 


Type 2 

Nature of the Coal. The coal used in the manufacture of 
Sfo. 2 type of briquette must combine the conditions imposed 
m the semi-bituminous (demi-gras) coal ; it should contain 
xom 14 to 16 per cent of volatile matter, should give a coke 
which is calcination-proof, hard and homogeneous, close- 
pained, and be of recent extraction. 

Composition of the Briquettes. The amount of moisture in 
the briquettes should not exceed 4 per cent, the amount of ash 
should be 8 per cent maximum, and the amount of volatile 
matter should not be less than 17 per cent nor more than 22 
per cent. The temperature of melting of the ash obtained 
by incineration should be verified at the laboratory of 
Schaerbeek, and should not be more than 1,350° C. 

Practical Experiments and Laboratory Experiments of Schaer- 
beek. Type 2 briquettes should satisfy the following experi- 
ments, carried out on locomotives and on a boiler fixed in the 
laboratory of Schaerbeek — 

First Practical Experiment. On the journey from Bruxelles- 
Nord to Verviers, by a direct train of type 624, making the 
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journey, including stops, in 2 hours 50 minutes, the evaporation 
given by a locomotive of type 17 with a minimum charge of 
205 tons and a maximum charge of 250 tons, or by a loco- 
motive type 18 with a minimum charge of 250 tons and a 
maximum charge of 300 tons, was not less than 9 kilos of water 
per kilo of briquettes. 

Seco 7 id> Experimei’tt at the Laboratory of Schaerbeek Inde- 
pendent of the experiment above mentioned, type 2 briquettes 
should satisfy a trial in a fixed boiler of locomotive type 17 or 
18. That trial will be carried out at the laboratory of Schaer- 
beek, under the same conditions as that provided for type i 
briquettes. For type 2 briquettes, however, the minimum 
depression in the smoke-box will be 175 millimetres, and it 
should be able to evaporate a minimum of nine kilos of water 
per kilogramme of combustible used. The temperature of the 
feed water should be 15° C. If during the experiment this 
temperature is other than 15°, account should be taken of it 
in the manner indicated previously for the trial in a fixed 
boiler with small coal 



ADDENDUM 

Reference is made in the early part of the Appendix to the 
xperiments which have been carried out in connection wnth 
he hydrogenation of heavy oils, coal, lignite, asphaltum, etc. 
:he most recent development in this direction is the formation 
if a company by several prominent mining and metallurgical 
irms in France, Belgium, and Luxemburg, with a large capital, 
0 work the process on a commercial scale, on the lines referred 
0 in our previous notes. A very efficient method of catalyza- 
ion is employed, enabhng the system to be worked at a reason- 
ibly low pressure and at a temperature of from 400'’ C. to 
500° C. only. 

Furthermore, in some districts of Belgium, where highly 
oituminous coal is produced, there are two large installations, 
working at low temperature (400° C.) for the extraction of 
paraffinoid oil, with combined treatment at high temperature, 
through which the full content of nitrogenous matter is trans- 
formed into ammonia. This is not an experimental plant, but 
is capable of treating about 1,000 tons per day. Several large 
metallurgical firms are also erecting low temperature (400° C.) 
distillation plants in Belgium, the chief one being for the 
purpose of producing semi-coke for use as pulverized fuel 
for boiler and metallurgical furnaces belonging to the firms 
referred to. 

Additional details of these plants cannot be included here, 
owing to the exigencies of space, but the authors will be pleased 
to supply further information to any reader interested. 
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Chemistry, A First Book of. A. Coulthard . 3 

Clutches, Friction, R. Waring-Brown . . 5 
Coal Cutting Machinery. G. F. F. Eagar . 2 

Colliery Electrical Engineering, G. M. 

Harvey . . . . . • .15 

Colour in Woven Design: A Treatise on 
Textile Colouring. R. Beaumont . .21 

Compressed Air Power. A. W. and Z. W. Daw 21 
Concrete and Reinforced Concrete. W. Noble 
Twelvetrees ....... 3 

Condensing Plant. I, V. Robinson and R. J, 

Kanla (Tn the Press) 

Continuous Current Armature Winding. F. M, 
Denton ....... 2 

Continuous Current Dynamo Design, Elemen- 
tary Principles of. H. M. Hobart . . 10 

Continuous Current Machines, Testing of. 

C. F. Smith . 2 

Continuous Current Motors and Control 
Apparatus. W. Perren Maycock . . .7 

Costing Organization for Engineers. E. W. 

Workman 3 

Cotton-Spinners' Pocket Book, The. J. F. 

Innes ^ 

Cotton-Spinning Machinery. Wm. Scott Taggart 2 


Crystal and One Valve Circuits, Successful. 

J. H. Watkins. {1% the Press) 

Detail Design of Marine Screw Propellers. 

D. H. Jackson .....* 5 

Diesel Engine, The. A. Orton . . -2 

Direct Current Dynamo and Motor Faults. 

R. M. Archer ^ 

Direct Current Electrical Engineering. J . R, 
Barr ' . • • • » * * .15 

Direct Current Electrical Engineering, The 
Elements of. H. F. Trewman and G. E. 

Condlifie • ^ 

Drawing and Designing. C. G, Leland . . d 

Drawing, Manual Instruction. S. Barter . 4 

Drawing Office Practice, H. P. Ward , . 7 
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Dress, Blouse, and Costume Cloths, Design 
AND Fabric Manufacture of. R. Beaumont . 42 0 
Drop Forging and Drop Stamping. H. Hayes. 2 6 
Dyes and their Application to Textile 


Fabrics. A. J. Hall . . . . .30 

Dynamo, How to Manage the. A. E. Bottone 2 0 
Dynamo: its Theory, Design, and Manufacture, 

The. C. C. Hawkins. Vol. I . . . 21 0 

Vol. II 15 0 

Vol. Ill 30 0 

Electric Bells. S. R. Bottone . . .36 

Electric Cables. F. W. Main. . . .26 

Electric Circuit Theory and Calculations. 

W. Perren May cock . . . . . 10 6 

Electric Cranes and Hauling Machines. F. E. 

Chilton . . . . . . .26 

Electric Furnace, The. F, J. MoEett . .26 

Electric Guides, Hawkins’, 10 volumes, each 5 0 

Electric Heating, Industrial. J. W. Beau- 
champ . . . . . . . .26 

Electric Lamp Industry. G. A. Percival . 3 0 

Electric Lighting and Power Distribution. 

Vol. I. W. Perren Maycock . . . . 10 6 

Vol. II 10 6 

Electric Lighting in the Home. L. Gaster . 6 

Electric Lighting in Factories. L. Gaster and 
J. S. Dow ....... 6 

Electric Light Fitting, Practical. F. C. Allsop 7 6 

Electric Mining Machinery. S. F. Walker .15 0 

Electric Motors and Control Systems. A. T. 

Dover . - . . . . . . . 15 0 

Electric Motors — Direct Current. H. M. 

Hobart . . . . . . . 15 0 

Electric Motors— Polyphase. H. M. Hobart 15 0 
Electric Motors, A Small Book on. C.C. and 
A.C. W. Perren Maycock . . . .60 

Electric Motors, Small, E. T, Painton . ,26 

Electric Power Systems. W. T. Taylor . 2 6 

Electric Traction. A. T. Dover . . . 21 0 

Electric Wiring, Fittings, Switches, and Lamps. 

W. Perren Maycock . , , . . 10 6 

Electric Wiring Diagrams, W. Perren Maycock 5 0 
Electric Wiring Tables. W. Perren Maycock . 3 6 

Electrical Engineering, Elementary. O. F. 
Randall . . . . . . ^ ,50 



s. d. 


Electrical Engineering for RIining Students, 

G. M. Harvey . . . . , .50 

Electrical Engineers’ Pocket Book. Whittaker’s 1 0 6 
Electrical Instrument Making for Amateurs. 

S. R. Bottone . . . . . .60 

Electrical Instruments in Theory and Prac- 
tice. Murdoch and Oschwald . . . 12 6 

Electrical Insulating Materials, A. Monk- 
house, Jr. . . . . . . . 21 0 

Electrical Insulation. W. S, Flight . .26 

Electrical Machines, Practical Testing of. 

L. Oulton and N, J. Wilson . . . .60 

Electrical Power Engineers’ Library. Three 
volumes, each 7s. 6d. ; Complete set . . 20 0 

Electrical Technology. H. Cotton . . 12 6 

Electrical Terms, Dictionary of. S. R. 

Roget . . 7 6 

Electrical Transmission of Energy. W. M. 

Thornton . , . . ' . . .26 

Electrical Transmission of Photographs. M. J. 

Martin ,60 

Electricity. R. E. Neale . , . .30 

Electricity and Magnetism, First Book of. W. 

Perren Maycock . , . . . .60 

Electricity in Agriculture. A. H. Allen . 2 6 
Electricity in Steel Works. W. McFarlane , 2 6 
Electrification of Railways, The. H. F. 

Trewman . . . . . . .26 

Electro-Deposition of Copper, The. And its 
Industrial Applications. C. W. Denny . .26 

Electro Motors: How Made and How Used. 

S. R. Bottone . . . . . .46 

Electrolytic Rectifiers. N. A. de Brnyne , 3 6 

Electro-Platers’ Handbook. G. E. Bonney . 5 0 

Electro-Technics, Elements of. A. P. 

Young. .50 

Engineer Draughtsmen’s Work : Hints to 
Beginners in Drawing Offices . . .26 

Engineering Principles, Elementary. G. E. 

Hall 2 6 

Engineering Science, Primer of, E. S, Andrews, 

Part 1, 2s. 6d. ; Part 2, 2s. ; Complete . .36 

Engineering Workshop Exercises. E. Pnil . 3 6 

Engineers’ and Erectors’ Pocket Dictionary: 

English, German, Dutch. W. H. Steenbeek 2 6 

2 



s. d . 


English for Technical Students. F, F. 

Potter 2 0 

Explosives, Manufacture and Uses of. R. C. 

Fanner . . . . . . .26 

Field Manual of Survey Methods and Opera- 
tions. A. Lovat Higgins . . . .210 

Field Work for Schools. E. H. Harrison and 

C. A. Hunter 2 0 

Files and Filing. Fremont and Taylor . . 21 0 

Filtration. G. L. Wollaston . . . .26 

Fitting, Principles of. J. G. Homer . .76 

Five Figure Logarithms. W. E. Dommett . 1 0 

Flax Culture and Preparation. F. Bradbury 10 6 
Food Wisdom. D. D. Cottington-Taylor and P. L. 

Garbutt . . . . . . .26 

Fo'undrywork. B. Shaw and J. Edgar . .26 

Fuel Economy in Steam Plants. A. Grounds . 5 0 

Fuel Oils and Their Applications. H. V. 

Mitchell . . * , . . . .50 

Fuels. Report of the Institute of Automobile 

Engineers on 10 6 

Gas and Gas Making. W. H. Y, Webber. . 3 0 

Gas, Gasoline, and Oil Engines, J. B. 

Rathbun . . . , . . .26 

Gas Engine Troubles and Installations. J. B. 

Rathbun 2 6 

Gas and Oil Engine Operation. J. Okill . 5 0 

Gas, Oil, and Petrol Engines: Including 
Suction Gas Plant and Humphrey Pumps. 

A, Garrard . . . . . . .60 

Geometry, The Elements of Practical Plane. 

P. W. Scott *. . . . . . .40 

Geology, Elementary. A. J. Jukes-Browne . 3 0 

Graphic Statics, Elementary. J. T. Wight . 5 0 

Grinding Machines and Their Uses, T. R. Shaw 2 6 
Handrailing for Geometrical Staircases. 

W. A. Scott . . . . . . .26 

High Heavens, In the, Sir R. Ball . .50 

Highway Engineer's Year Book. H. G. Whyatt 6 0 
Hosiery Manufacture. W. Davis , . .76 

House Decorations and Repairs. W. Prebble 2 6 
Hydraulics. E. H. Lewitt . , . .86 

Hydro-Electric Development. J. W. Meares. 2 6 
Illuminants and Illuminating Engineering, 
Modern. Dow and Gaster . . . . 25 0 



s. d. 


Illuminating Engineering, The Elements of. 

A. P. Trotter 2 

Indicator Handbook. C. N. Pickworth . .76 

Induction Coils. G. E. Bonney . . .60 

Induction Coil, Theory of the. E. Taylor-Jones 12 6 
Induction Motor, The. H. Vickers . . 21 0 

Internal Combustion Engines. J. Okill . 3 0 

Ionic Valve, Guide to Study of the. W. D. 

Owen . . . . . . .26 

Ironfounding. B. Whiteley , . . ,30 

Ironfounding, Practical. J. G. Homer .10 0 

Iron, Steel and Metal Trades, Tables for the. 

J. Steel 3 6 

Kinematograph Studio Technique. L. C. 

MacBean 2 6 

Kinematography (Projection), Guide to. C. N. 

Bennett 10 6 

Lacquer Work. G. Koizumi . . . . 15 0 

Leather Craft, Artistic. H. Turner . .50 

Leather Work, C. G. Leland . . .50 

Lens Work for Amateurs. H. Orford . ,36 

Lettering, Plain and Ornamental. E. G. 

Fooks . . . . . . . .36 


Lightning Conductors and Lightning Guards. 

Sir O. Lodge . 15 0 

Logarithms for Beginners. C. N. Pickworth . 1 6 

Loud Speakers. C. M. R. Balbi . . .36 
Low Temperature Distillation. S. North and 

J. B. Garbe 15 0 

Lubrication and Lubricants. J. H. Hyde . 2 6 

Machine Design. G. W. Bird . » .60 

Machine Drawing, Preparatory Course to. 

P. W. Scott .20 

Machines, Theory of. L, Toft and A. T. J. 
Kersey. (In the Press) 

Magneto and Electric Ignition. W. Hibbert . 3 6 


Manuring Land, Tables for Measuring and. 

J. Cnllyer 

Marine Engineers, Practical Advice for. 

C. W. Roberts 

Marine Screw Propellers. Detail Design of, 

D. H. Jackson 

Mathemai^ical Tables. W. E. Dommett . 
Mathematics, Engineering Applications of. W. 

C. Bickley 



s. d. 

Mathematics, Mining. G. W. Stringf ellow . . 2 0 

Mechanical Engineering Detail Tables. J. P. 

E-oss . . . . . . . .76 

Mechanical Engineers* Pocket Book. Whit- 
taker*s . . . . . . . . 12 6 

Mechanical Handling OF Goods, C. H. Woodfield 2 6 
Mechanical Refrigeration. H. Williams . 20 0 

Mechanical Stoking. D. Brownlie . . .50 

Mechanical Tables 2 0 

Mechanics* and Draughtsmen’s Pocket Book. 

W. E. Dommett . . . . . .26 

Mechanics for Engineering Students. G.W. Bird 5 0 
Mercury-Arc Rectifiers and Mercury-Vapour 

Lamps. J. A. Fleming 6 0 

Metal Turning. J. G. Horner . . .60 

Metal Work, Practical Sheet and Plate. 

E. A. Atkins 7 6 

Metal Work — REPOUSS t. C. G. Leland . .50 

Metallurgy of Cast Iron. J. E. Hurst. [In 
ih& Pfess) 

Metallurgy of Iron and Steel, The. Based on 

Notes. Sit Robert Hadfield . . . .26 

Metalworkers* Practical Calculator. J. 

Matbeson . . . . . . .20 

Metric and British Systems of Weights and 
Measures. F. M. Perkin . . . .36 

Metric Conversion Tables. W, E. Dommett . 1 0 

Milling, Modern. E. Pull . . . .90 

Mineralogy. F. H. Hatch . . . .60 

Mining Educator, The. J. Roberts. . . 63 0 

Mining, Modern Practice of Coal. Kerr and 
Bums. Part 1, 5s. ; Parts 2, 3 and 4, each . 6 0 

Mining Science, Junior Course in. H. G. Bishop 2 6 
Motive Power Engineering for Students of 
Mining and Mechanical Engineering. H. C. 

Harris. [In the Press) 

Motor, f Boats, F. Stricldand . . . .30 

Motor Control, Industrial. A. T, Dover . 2 6 

Motor-Cyclist's Library, The . . Each 2 0 

B.S.A., The Book of the. Waysider." 

Douglas, The Book of the, E. W. Knott 
Raleigh Handbook, The. “ Mentor " 

Royal Enfield, The Book of the. " R. E. 

Ryder ” 

Triumph, The Book of the. E. T. Brown 



s. d. 


Motorist's Library, The — 

Austin Twelve, The Book of the. R. 

Garbutt and R. Twelvetrees. . . ,50 

Clyno Car, The Book of the. E. T. Brown. 

(In the Press) 

Standard Car, The Book of the. " Pioneer " 6^0 
Motor Industry. H. Wyatt . . . ,30 

Motor Truck and Automobile Motors and 
Mechanism. T. H. Russell . . . * 2 6 

Municipal Engineering. H. Percy Boulnois . 2 6 

Music Engraving and Printing. W. Gamble .21 0 

Naval Dictionary, Italian-English and 
English-Italian. W. T. Davis . . . 10 6 

Nitrogen, Industrial. P. H. S. Kempton , 2 6 

Oil Power. S. H. North. . . , ,30 

Oils, Pigments, Paints, Varnishes, etc. R. H, 

Truelove .26 

Oscillographs. J. T. Irwin . . . ,76 

Patents for Inventions. J. E. Walker and 

R. B. Foster 21 0 

Patternmaking. B. Shaw and J. Edgar . .26 

Pattern-Making, Principles of. J. G. Homer 4 0 
Petrol Cars and Lorries. F. Heap . .26 

Photographic Chemicals. T. L. J. Bentley and 
J, Southworth. (In the Press) 

Photographic Technique. L. J. Hibbert. . 2 6 

Plan Copying in Black Lines for Hot Climates. 

B. J. Hall 2 6 

Plywood and Glue, Manufacture and Use of, 

The. B. C. Boulton . . . . .76 

Pneumatic Conveying. E. G. Phillips . .26 

Polyphase Currents. A. Still . . .76 

Power Factor Correction. A. E. Clayton . 2 6 

Power Station Efficiency Control. J. Bruce 12 6 
Power Wiring Diagrams. A. T. Dover . .60 

Printing. H. A. Maddox . . . .50 

Pyrometers. E. Griffiths. . . . 5 

Quantities and Quantity Taking. W. E. Davis 6 0 
Radioactivity and Radioactive Substances. J , 
Chadwick . • • • • • * c a 

Radio Communication, Modern. J. H. Reyner 5 0 

Radio Year Book a 

Railway Electrification. H. F. Trewman . 25 0 

Railway Signalling': Automatic. F. R. Wilson 2 6 

Railway Signalling : Mechanical. F. R. Wilson 2 6 



s. d. 

Railway Technical Vocabulary. L, Serraillier 7 6 
Refractories for Furnaces, Crucibles, etc. 

A. B. Searle 5 0 

Reinforced Concrete. W. N. Twelvetrees . 21 0 

Reinforced Concrete Members, Simplified 
JW^ETHODS OF Calculating. W. N. Twelvetrees 5 0 
Reinforced Concrete, Detail Design in. 

E. S. Andrews . . . . . .60 

Retouching and Finishing for Photographers.’ 

J. S. Adamson 4 0 

Roses and Rose Growing. R. G. Kingsley . 7 6 

Russian Weights and Measures, Tables of, 
Redvers Elder . . . . . .26 

Sewers and Sewerage. H. G. Whyatt . ,26 

Shipbuilding and the Shipbuilding Industry. 

J. Mitcliell. {In the Press) 

Shot-Guns. H. B. C. Pollard . . . .60 

Silverwork and Jewellery. H. Wilson . ,86 

Slide Rule. A. L. Higgins. .... 6 

Slide Rule. C. N. Pickworth . . . .36 

Soil, Science of the. C. Warrell . . .36 

Sparking Plugs. A. P. Young and H. Warren . 2 6 

Specifications for Building Works. W. L. 
Evershed. {In the Press) 

Stained Glass Work. C. W. Whall. . . 10 6 

Steam Engine Valves and Ykx.y'e, Gears. E. L. 

Ahrons . . . . . . . ,26 

Steam Locomotive Construction and Mainten- 
ance. E, L. Ahrons 2 6 

Steam Locomotive, The. E. L. Ahrons . .26 

Steam Turbine Theory and Practice. W. J. 

Kearton . . . . . . , 15 0 

Steam Turbo- Alternator, The. L. C. Grant ,15 0 
Steels, Special. Based on Notes by Sir R. 

Hadfield. T. H. Burnham . , . .50 

Steel Works Analysis. J. O. Arnold and F. 

Ibbotson 12 6 

Stencil Craft. H. Cadness . . . . 10 6 

Storage Battery Practice. R, Rankin . .76 

Streets, Roads, and Pavements. H. G. Whyatt. 2 6 
Structural Steelwork. W. H. Black . .26 

Structures, Theory of. H. W. Coultas . . 15 0 

Surveying and Surveying Instruments. G. A. 

T. Middleton . . . . . . ,60 

Surveying, Tutorial Land and Mine. T, Bryson 10 6 



5 . d. 


Switchboards, High Tension. H. E. Poole 
Switchgear, High Tension. H. E. Poole 
Switching and Switchgear. H. E, Poole 
Telegraphy. T. E. Herbert . 

Telegraphy, Elementary. H. W. Pendry 
Telegraphy, Telephony and Wireless. J 

Poole 

Telephone Handbook, Practical. J. Poole 
Telephones, Automatic. F. A. EUson . 
Telephony. T. E. Herbert 
Textile Calculations. G. H. Wliitwam . 

Tidal Power. A. M. A. Struben 
Tin and the Tin Industry. A. H. Mundey 
Tool and Machine Setting. For Milling, Drilling, 
Tapping, Boring, Grinding, and Press Work. P 
Gates 

Town Gas Manufacture. R. Staley 
Traction Motor Control. A, T. Dover . 
Transformers and Alternating Current 
Machines, The Testing of. C. F. Smith 
Transformers for Single and Multiphase 
Currents. Dr. G. Kapp .... 
Transformers, High Voltage Power. W. T. 

Taylor . 

Transformers, Small Single-Phase. E. T. 

Painton 

Trigonometry for Engineers, Primer of. W. G. 
Dunkley 

Turbo-Blowers and Compressors. W. J. 
Kearton. 

Turret Lathe Tools, How to Lay Out . 

Union Textile Fabrication, R. Beaumont 
Ventilation, Pumping, and Haulage, The 
Mathematics of. F. Birks .... 
Volumetric Analysis. J. B. Coppock . . 

Water Mains, The Lay-Out of Small. H. H. 
Helims 

Water Power Engineering. F. F. Fergusson . 
Waterworks for Urban and Rueal Districts. 

H. C. Adams 

Weaving. W. P. Crankshaw . . \ tj* 

Weaving, Embroidery and Tapestry. A. H. 
Christie 

Weaving for Beginners. L. Hooper 
Weaving, Handloom. L. Hooper 
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WEA.vtNG wtTH Small APPLIANCES. L. Hooper 
(1) The Weaving Board. (2) Tablet Weav- 
ing. (3) Table Loom Weaving. . . Each 7 6 

Welding, Electric. L. B. Wilson . . .50 

Welding. Electric Arc and Oxy-acetylene. 

E. A. Atkins 7 6 

Wireless Pocket Book, Marine. W. H. Marchant 6 0 
Wireless Telegraphy and Telephony, An 
Introduction to. J. A. Fleming . . .36 

Wireless Telegraphy. W. H. Marchant . 7 6 
Wireless Telegraphy, Continuous Wave. . 

B. E. G.Mittell 2 6 

Wireless Telegraphy, Directive. Direction 
and Position Finding, etc. L. H. Walter . 2 6 

Wood-Block Printing. F. Morley Fletcher . 8 6 

Woodcarving. C. G. Leland . . . .76 

Woodcarving Design and Workmanship, G. 

Jack . . . . . . . .86 

Woodwork, Manual Instruction. S. Barter . 7 6 

Woollen Yarn Production. T. Lawson . 3 6 

Wool Substitutes. R. Beaumont . . . 10 6 
Workshop Gauges. L. Bum . . , .50 

Writing and Illuminating and Lettering, E. 

Johnston . . . . . . .86 

X-Rays, Industrial Application of. P. H. S. 

Kempton . . . , . . .26 

Yarns and Fabrics, Testing of. H. P. Curtis. 

{Tn the Press) 

Zinc and its Alloys. T. E. Lones . . .30 

Complete Descriptive Catalogue of Scientific and 
Teclmieal Books post free 
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